



























































Popular Priced 
Matched Components 

for 

Power Supplies 

Modulation 

Pre-Amp & 
Power Amplifiers 
,.. for entire ham rigs 


Write ter obtet m mr 
1,300 STOCK ITEMS 
With UTC ts» Qufty 


Thirty years of attention to ham requirements 
have resulted in a complete line of reliable, 
high quality components geared especially to 
your needs. The "S" series of audio and power 
transformers and reactors, designed specific¬ 
ally for ham and PA service, are completely 
matched for compatibility in constructing a 
rig. These are popular priced units which afford 
the ham the full benefits of UTC's established 
excellence for quality components coupled with 
high reljjaljUity. 


* • 




UNITED TRANSFORMER CORP. 

150 VARICK STREET, NEW YORK 13, N.Y. 
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Amateur radio convention? 

Have you ever considered the possibility 
that we amateurs could be self-governing? 
Suppose, for example, that a yearly national 
convention was held for the review ol our 
hobby and that the actions of the delegates 
to the convention were held binding on us all. 
Clubs around the country could send a dele- 

■p 

gate to represent their interests. This would 

encourage club activities and would get most 

active amateurs to join clubs in order to have 

a say in their rules. 

■■ 

The convention might run similarly to the 
international conferences with committees 
being established to sort out the ideas and 
present the result of their study to the con¬ 
vention for vote. 

We might have a committee to study con¬ 
tests and recommend changes in rules or even 
the elimination of no longer needed contests. 
They might also suggest needed con tests. Ob¬ 
viously the members of the Committee would 
be those interested in contests. The certificate 
hunters could have their committee and on a 
yearly basis hash out their problems and keep 
up to date. Ditto the DXers, RTTYers, traffic 
nets, and every other phase of amateur radio. 

Maybe every other year would be enough. 
It sounds like a lot of work. I do think it 
would get a lot more fellows interested in the 
running of amateur radio and that the end 
result would be much faster progress. 

If we were to set up such a convention or 
conference system of changing our rules I am 
quite sure that we would find the FCC quite 
willing to go along with it We know darned 
well that the FCC doesn’t like the present rule 
making system. If we give them a reasonable 
alternate I think they would buy it. 

Intruders 

One of the difficult and growing problems 
in amateur radio is the intruder. This takes 
the shape of mysterious RTTY signals running 
endlessly, obviously commercial CW signals 
or just plain short wave broadcasting. While 
we are reasonably sure that such signals in 
our 20 meter band are illegal, we are never 


de 

W2NSD/1 

never say die 

sure of those down on 40 or 80 meters and w 
hesitate to make an issue of their activit 
when we arc not sure of our own grount 
We know that the ITU agreements do in dud 
some sort of sharing arrangement for thus 
lower bands so we are cautious. 

The lack of agressive retaliation to this it 
trasion has encouraged stations in countric 
who take their ITU commitments lightly (c 
who are uncommitted at all) to step in and us 
our bands wherever we peimit the QRM lev< 
to accommodate them. Perhaps I might d 
gress for just a bit at this point to throw 
pointed barb at the champions ol QRP. 
agree with them that it is indeed delightfi 
to work 100 countries using 100 watts powe 
and if they find this entertaining 1 agree thr 
they should continue to do what is fun ft 
them. But 1 think that they should not fe< 
at all pious about this little hobby of theii 
and try to shame others into following the; 
example for it is the high power stations th e 
are holding our frequencies for us, not th 
QRPers. As soon as the QRM level drops th 
commercials move in. Though 1 do not advc 
cate the use of higher than legal powers b 
operators, I do think that we would hav 
little to lose and much to gain if the work 
Wide power level were set at one kilowat 
Thirty years ago this was a hit hard to ger 

crate, but today it is hardly out of reach c 

■> * 

any average amateur. 

What can we do about the intruders? Fin 
of all we can organize ourselves and detet 
mine to keep our ham bands for hams. W 
know of several methods of ridding ourselve 
of unwanted signals and I am sure that a littl 
thought and asking around will turn up som 
more practical approaches to the problem, 
certainly would be interested in publishm 
any information available on the subject am 
will do all I can to help coordinate any effort 
that organize. 

The number one approach, of course, is t 
find out as much about the intruding signal 
as possible and report them to our ou n go\ 

(Continued on page 88) 


2 


n MAGAZIN 









International's "FLYING SHOWROOM 66" 

will visit your area soon. 

Welcome aboard this fabulous electronic flying display. 


uring 1966, International’s Martin 202 Flying Showroom will tour cities through- 
ut the United States, bringing with it displays of International electronic equip- 
lent and products, plus a technical staff available for consultation. ■ A space 
ge electronic show for Amateur Radio operators, radio experimenters, hobbyists, 
itizens Radio dealers and users, commercial 2-way radio operators and manufac- 
jrers requiring special electronic products. ■ If you are a manufacturer, radio 
quipment dealer, Amateur or Citizens Radio Club, or other interested groups, 
-e will attempt to schedule a specific time and date to visit your area. Watch 
3r announcement or write International Crystal Manufacturing Co,, Inc. for details. 



INTERNATIONAL 


IRYSTAL MFC. CD., riNIC 

18 North Lee 

Oklahoma City, Okla. 73102 


iMTanHittMUi. 
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Discuss your technical and engineering 
requirements with International’s staff. 
See how International electronic 
products can work for you. 
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Editor’s 

Ramblings 


Helping out 

One thing hams have always been famous 
for is helpfulness. Hams have helped out in 
emergencies, for public events, for service¬ 
men's phone patches and in many other ways. 
They also used to help out young hams and 
others interested in amateur radio. In fact, at 
one time, most hams got their knowledge of 
electronics and amateur radio from older hams 
who were glad to help out. Hut tilings have 
changed a lot now. You can be licensed even 
without talking to a ham. Needless to say, 
hams who get on the air this way tend to be 
ignorant of old ham traditions, whether the 
traditions be good or bad. They’re often im¬ 
polite on the air and operate their equipment 
improperly, causing interference to other hams 
or to other services. Why? Because they don’t 
know any better. They can memorize the li¬ 
cense manual and study books and listen to 
code records, but that can’t teach the things 
an older ham can. The example, teaching and 
friendliness of other knowledgeable hams can 
do tar more to improve the competence and 
attitude of hams than having to take a govern¬ 
ment test can. 

So what can be done to try to help young 
hams? The best way is probably through 
strong local radio clubs. A good club with 
plenty* of activities—hamfests, auctions, con¬ 
tests, club building projects, GOOD speakers, 
demonstrations, participation in Field Day or 
VHF Parties, a good newsletter—can attract 
plenty of hams and prospective hams. Encou¬ 
rage newcomers: welcome them to the club, 
show them how to do things, give them old 
parts and tell them how to use them, invite 
them to visit your shack, teach them the code, 
give them old books and magazines (they can 
have a free sample of 73 if they write us), 
give them good advice, encourage them and 
set a good example. You’ll find that it won't 
he long before they’re pretty good hams, 
Hamming is a social hobby. It’s more fun with 
other hams to visit and work with than with 
just talk on the air. There’s no substitute for 
personal contact and encouragement. 


And in line with this need to lelp r 
hams, I mentioned in May that we at 73 c: 
answer the many technical questions we 
from the readers. K6HPR suggested that m 
he he and a number of EE’s or other qualii 
hams would be willing to help answer qi 
lions about ham radio. If vou'd like to li 

r 

out and think you can, why not send y 
name and qualifications in and we ll see w 
can be done. Mavbe each month we co 

W 

publish a list of people willing to help ( 
It might take a lot of time, but the work 
be very rewarding. 

The ARRL Handbook 
and semiconductors 

I often read and use the A RRL Amat 
Radio Handbook. If any single publieat 
could be considered the “bible” of amat 
radio, it must be the J i andbook. 0 I can 
imagine any ham shack without at least i 
of its many editions, and most hams seem 
get a new one every few years. But there 
one thing about the Handbook that hot] 
me. It’s not that the Handbook seems m 
a textbook or project hook than a handbc 
Or that the yearly editions are so similar. M 
radio theory changes very slowly, if at 
and the main object of the book is to prov 
a useful reference with enough change to 
courage hams to buy a new copy every j 
years. 

But 1 really am bothered by the I fandbot 
treatment of semiconductors. Why does it 
tually ignore most current communicati 
practice? Any casual observer of electroi 
can see that semiconductors have been : 
are being accepted by all branches of e 
tronics as rapidly as economics, performa 
and (most important) engineering talent all 
The reasons are obvious. Semiconductors h 
many advantages over tubes for most ui 

(Continued on page 118) 


•The ARRL refers to QST as the bible, but that sc 
a peculiar analogy to me. 
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COAXIAL ANTENNA SWITCH 

with 

AUTOMATIC 
GROUNDING 

Another first from Waters! Now, as easily as 
you switch from beam to dipole . . . from 40 
meters to 75, you can switch your entire an¬ 
tenna system to ground with the newest addition to our line of coaxial switches, PROTAX, 
automatic-grounding coaxial antenna switch! Designed with the same advanced engineering 
skill that outmoded all other coaxial switches two years ago, PROTAX is another giant step 
forward in "Convenience Engineered" ham gear by Waters. In effect, PROTAX is two switches 
in one ... a regular antenna-selector switch with power-carrying capacity of 1,000 watts that 
becomes a grounding switch for all antennas (leaving the receiver input open) when the rig 
is not in use. In two distinctive models: #375 — six position and ground with back connectors; 
#376 — five position and ground with connectors in radial arrangement. (#376 has its own 
wall-mounting bracket.) 

Model 375 . $13.95 Model 376 .. $12.50 
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AUTO¬ 

MATCH 

You'll boost your sig¬ 
nals up to 4 db with 
AUTO-MATCH, the 
built-to-last mobile 
antenna. Operates all 
bands with only a 
change of Top-Center 
loading coils . . . has 
rugged new fold-over 
hinge . . . fits any 
standard base or 
bumper mount. 

PRICES 

MAST 370-1 . $12.95 

RADIATOR TIP 

370-2 . 9.95 

COIl 370-75 . 15.95 

COIl 370-40 . 14.95 

COIl 370-20 . 13.45 

COIl 370-15 . 12.75 

COIl 370-11 .. 11.95 

COIL 370-10 . 11.95 
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REFLECTOMETER 

Amazing new REFI.EC- 
TOMETER tells you both 
forward and reflected 
power in RF watts on every 
transmission. Two separate 
scales insure accurate 
readings to 1000 watts. 
VSWR easily determined, 
too! Complete with direc¬ 
tional coupler and cable. 
Model 369 .$115.00 




Model 3002 

UNIVERSAL 
HYBRID COUPLER II 
PHONE PATCH 

The ultimate in phone 
patches providing effort- 
ess, positive VOX opera¬ 
tion . . . and it also con¬ 
nects tape recorder for 
both IN and OUT. Built-in 
Waters "Compreamp" in¬ 
creases low telephone line 
signals while simultane¬ 
ously preventing over- 
modulation. "Compre¬ 
amp" also operates alone 
(without patch) with sta¬ 
tion mike. 








t 
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Model 3002 ... $69,95 

(less battery) 

Model 3001 ... $49*50 

(without “Compreamp") 
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WATERS 

MANUFACTURING INC. 

WAYLAND, MASSACHUSETTS 


WATERS PRODUCTS ARE SOLD ONLY THROUGH WATERS QUALIFIED DISTRIBUTORS 
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Copt. Glen Bentz WA4KIH/AFB4KIH 
Major George Dodge W40PL/AF40PL 
Rt 2, Box 53 
Charleston Heights, S.C. 

MARS HF Mixer 
and Amplifiers 

This mixer takes 80 to 10 meter input and puts 
out a kilowatt on 1.5 to 27 MHz for MARS operation. 


If there is one tiling most amateur trans¬ 
mitters are not, it is truly all band. Most hams 
who are introduced to the MARS program 
find that their equipment is not designed for 
operation outside the ham bands. This poses 
a problem: Do i alter my existing equipment? 
Do I attempt to use surplus equipment? Do 
I buy new equipment? Existing ham equip¬ 
ment can be altered in some cases but can it 
be altered without some losses in operating 
flexibility efficiency, etc.*? Resides many op¬ 
erators do not wish to alter late model equip¬ 
ment. Using surplus gear is ok if you can find 
something late enough to be state of the art, 
sideband, and not a TVf generator. To buy 
new equipment with all band capability costs 

Glen and George are pilots- in the Air Force. 
George designed hath of the units and lmilt 
the 60 watt amplifier. Glen built the mixer 
and the kilowatt amplifier, and wrote the proj¬ 
ect up. 


$$$ and you don't find that in the old junk 
box. 

Like many inventions, this circuit was de¬ 
vised out of necessity. This station was oper¬ 
ating a low power all HAM HAND transmit¬ 
ter. Then came MARS and the necessity of 
being able to operate, preferably with some 
power, on frequencies other than those cov¬ 
ered by a ham transmitter. The result could 
hardly he called a compromise. The unit de¬ 
signed and built gives any ham band trans¬ 
mitter truly all band, high power operation 
without alteration of the existing equipment. 
It will operate from 1.6 to 30 MHz, at legal 
maximum power, and best of all, most of the 
parts were dug out of a well stocked junk box. 

Circuit description 

The principle is simple and tried. The fre¬ 
quency converter is a device by which a fre¬ 
quency corresponding to the input signal is 
translated to the desired output frequency. A 
frequency converter is also known as a fre- 
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Fig. I , Crystal oscillator 
and mixer that gener¬ 
ates low level output to 
drive the final. 
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NOTES 

LI - TUNED TO XTAl PR^guENC* 

L* - -SO TURNS NO. E4, l DIA. !3 -6 MNlJ 
L3 - 4 TURNS NO, £4, l" D1A 


TO METER TO SWITCH 
fciTCH 54-6 

{O-tOO MA) 



SWITCH 54-B, S3-A 2 


(EXOTER 

INPUT* 


qaency translator or frequency mixer. All 
these names are descriptive of the function in 
which two RF voltages are fed into a device 
which produces a complex output wave from 
which tlie sum or difference frequency com¬ 
ponent may be selected. Normally, mixing or 
frequency conversion takes place at low power 
levels, on the order of 500 mw to 1 watt. 
However, in this particular instance the fre¬ 
quency conversion takes place at a consider¬ 
ably higher power, and is then further ampli¬ 
fied. 

The circuit is fairly straightforward and 
follows well established principles. The 6AH6 
olpitts crystal oscillator was selected because 


VJ 


of its excellent stability characteristics. Output 
from the oscillator is fed to the grid of a 6360, 
used as a mixer stage, through a variable 
trimmer condenser to facilitate mixer grid 
drive adjustment. 

Selection of the mixer lube and circuit had 
to meet certain conditions: liave sufficient out¬ 
put to drive an amplifier, be small in physical 
size, liave high enough plate dissipation to 
idle with oscillator drive applied. The 6360 
met all these conditions. With the screen and 
grids at DC ground the tube is biased below 
cut-off lor operation in the non-linear region. 

Since cathode drive must be about 20 times 
that required for grid drive, the oscillator sig- 
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ig. 2. 4CX25GR kilowatt amplifier for HF MARS or ham frequencies. 
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C- 250 MA +150 F700 


FULL-SCALE REG. 

METER 



Fig, 3. "Low power" 6DQ5 amplifier for those 
who don't want or need a full kilowatt. The un¬ 
marked loading capacitor is 500 pf. 

nal is fed to the grid and the exciter signal is 
fed to the cathode. 

A combination of exciter impedance match, 
swamping, and signal voltage divider is used 
in the cathode input. The output of the mixer 
is link coupled to the amplifier grid tank. This 
was done for three reasons: an additional 
tuned circuit to further attenuate unwanted 
mixer products, isolation of the amplifier grid 
circuit, and ease of neutralization. 

When the unit is used as a straight amplifier 
on the bands covered by the exciter, the os¬ 
cillator screen and plate, and mixer plate volt¬ 
ages are switched off, the amplifier grid tank 
is switched out, and the exciter input is 
switched to a passive input network. The ex¬ 
citer now feeds through the passive network 
directly to the amplifier grid. 


'The amplifier section is a straightforward 
class AB1 linear employing a pair of 4CX25011 
tubes. The output is a pi-net using a modern 
vacuum variable, an ancient roller coil, and a 
standard variable capacitor. 

The final touch was the addition of an SWR 
bridge. This is placed in the circuit such that 
it is usable even when the exciter is operated 
“bare foot.” Bare foot operation is accom¬ 
plished simply by not turning on the B+. 

The power supply can be designed around 
the builder’s junk box. The circuit shown util¬ 
ized what was available at this station. A few 
items should be kept in mind. The screen 
supply to the 6AH6 and the 4CX250R should 
be regulated. The grid bias to the final must 
be adjustable to properly set the operating 
parameters for AB1 operation. The plates of 
the 6AH6 and 6360 should not exceed 300- 
VDC. 


Construction 

This particular unit was built on a 13x17x3" 
chassis. The vertical height was kept down to 
fit behind an 8% inch front panel. 

The parts layout is shown in the photo¬ 
graphs. The various sections are all shielded 
with solid aluminum sheet stock. The high 
voltage supply and final Hr sections are 
shielded with perforated stock for personal 
protection from the power supply and RF 
shielding of the amplifier section. The final 
grid tank coil is mounted in a “tin” can. The 
lid being attached to the chassis around the 
coil socket, and the bottom of the can slipping 
onto the lid thereby completely shielding the 
coil unit. 

Neutralization is accomplished with a stub 
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Bock view of the high 
power mixer-omplifier. 
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You Will Pay Over A $100 More For A Com¬ 
parable 6-Meter SSB Transceiver And Still 
Not Receive The Quality, Value, High-Per¬ 
formance Features. And Protection Against 
Obsolescence Included In the Heath SB-110 

* Built-in VOX at no extra cost • Upper & lower side¬ 
band or CW operation • Built-in 100 kc crystal calibrator 
at no extra cost * Oscillator Mode switch for VFO 
transceive, xtal control transceiver or xtal control trans¬ 
mit — vfo receive (ideal for net operation) • 2.1 kc SSB 
filter with superior 2 to 1 shape factor * Built-in side- 
tone for CW operation * The famous Heath LMO (Linear 
Master Oscillator) that provides tuning linearity with 
1 kc dial calibration. . , stability, and calibration accuracy 
never before found on six • Sophisticated triple con¬ 
version circuitry * Low cost companion AC and DC 
power supplies 

Here’s The 180-Watt PEP, 170-Watt CW input Trans¬ 
ceiver That Sets The Pace For All Future VHF SSB 
Transceivers. The Heath SB-110 provides full VOX, PIT, 
& CW operation on six with the same selectivity, stabil¬ 
ity, and performance already made famous by the Heath 
SB-Series equipment on 80-10 meters. Choose the ap¬ 
propriate power supply and go fixed or mobile. Discover 
for yourself the pleasure of operating the most advanced 
VHF transceiver in amateur radio . . * the satisfaction 
of owning a truly high-performance 6 meter rig you 
have assembled yourself. 

Kit SB-1 ID, 23 lbs.,. .............. 5320.00 


PARTIAL SB-110 SPECIFICATIONS—RECEIVER SECTION; Sensitivity: 

0 1 uv for 10 db signal-plus-noise to noise ratio. Selectivity: 2.1 kc (ft 
6 db down, 5 kc max, ® 60 db down. Image rejection: 50 db or better. 
IF rejection: 50 db or belter. Audio output power: 1 wait. AGC 
characteristics; Audio output level varies less than 12 db for 50 db 
change of input signal Jewel (0.5 uv to 150 uv). TRANSMITTER SECTION: 
DC power input: SSB, ISO watts PEP. CW, 150 watts. RF power output: 
SSB, 100 watts PEP, CW, 90 watts (50 ohm non-reactive load]. Output 
Impedance; 50 ohm nominal with not more than 2:1 SWf?. Carrier 
suppression; 55 db down from rated output. Unwanted sideband 
suppression: 55 db down from roled output® 1000 cps & higher. Dis¬ 
tortion products: 30 db down from rated PEP output. Hum & noise: 
40 db or better below rated carrier. Keying characteristics: VOX 
operated From keyed lone using grid block keying GENERAL: Frequency 
coverage: 49,5 to 54.0 me m 500 kc segments (50.0 to 52.0 me with crystals 
supplied). Frequency selection: Built-In LMO or crystal control. Fre¬ 
quency stability; Less than 100 cps drift per hour after 20 minutes warmup 
under normal ambient conditions. Less than 100 cps drift for ±10% supply 
voltage variations. Dial Accuracy: Electrical, within 400 cps on all band 
segments, after calibration at nearest 100 kc paint. Visual, within 200 cps. 
Dial backlash: No more than 50 cps. Calibration: Every 100 kc. Rower 
requirements: High voltage, +700 v. DC 250 ma with 1% mo*, 
ripple* Low voltage, +250 v. DC ® 100 ma with .05% max. ripple. Bias 
voltage, —115 v, DC ® 10 ma with .5% max. ripple. Filament voltage, 
12.6 v. AC/DC @ 4.355 amps. Dimensions: 14ft' W x 6 5 /i* H * 13ft' D. 

Kit HP-11, Mobile Power Supply, 7 lbs. .. .159.95 

Kit HP-23, Fixed Station Power Supply, 19 lbs.. .. .$39,95 

Kit 58A-100*1, Mobile Mounting Bracket, 6 lbs.... .. .514,95 

Kit SB-GQO, SB Series Speaker, 5 lbs, ...... ........ .,517.95 

Kit HS-24, Mobile Speaker, 4 tbs,.. .. .$7.00 


... 



HEATH COMPANY, Dept. 11-7 

Benton Harbor, Michigan 49022 

□ Enclosed is $ 



, plus shipping. 


Please send model (*) 


Describes these and over 250 other 
Heathkita. Save up to SQ% by build- 


Q Please send free Heathkif Catalog. 
Name 


FB&K 


ing them yourself. Use coupon and 
send for your FREE copy! 


' . * 

r-i * 

.... 


(Please Print) 


JlfdSbsi 




I 


Address 
Ciiy_ 


State 


Zip. 


Prices & specifications subject to change without notice. 


AM-167 
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EACH LEG, EACH SHUNTED 
WITH lOOK, \/7 W 



O +1KV TO S4-Bj 


<i +2KV { HVl 


GND. 


-G +300 (PLATE) 


+ 405 REGULATED 
^4CX250R SCREEN^ 


SCREEN CURRENT METER 
t-lQ TO +40 M-A 


O + 150 REGtGAHG SCREEN I- 


AMPLIFIER RELAY (K2) 


SLOWER MOTOR 


O C.3 VAC (FILAMENTS! 
-O BIAS 


O TO S4-C?-1 

(GRID CURRENT) 
O TO S4'0g—— 1 


TO EXCITER ANT RELAY 
O ——-—J 


Fig, 4. Power supply for the mixer ond high power amplifier. The bias pot marked 500 K should be 5K, 


Output 

Frequency 

MHz 


1.5— 2.1 
2.0— 2.6 

2.5— 3.1 
3,0— 3.6 
4.0— 4.6 

4.5— 5.1 
5.0— 5.6 

5.5— 6.1 
6.0— 6.6 

6.5— 7.1 

7.5— 8, t 
8.0— 8.6 

8.5— 9.1 
9,0— 9.6 
9.4—10,0 
9.9—10.5 

10.4— 1 1.0 

10.9— 1 15 
1 1.4—12.0 

11.9— 12.5 

12.5— 13.1 
13.0—13.6 

13.5— 14.1 

14.5— i5.i 

15.0—15.6 
1 5.4—16.0 

15.9— 16.5 

16.4— 17.0 

16.9— 17.5 
17 4—18.0 

17.9— 18.5 

18.4— 19.0 

18.9— 19.5 

19.4— 20.0 

19.5— 20.7 

20.5— 21.7 

21.5— 22.7 
22 5—23.7 

23.5— 24,1 
24 0—24.6 

24.5— 25.1 
25.0—25,6 

25.5— 26 1 
26.0—26.6 
26 5—27.1 


Crystot 

Frequency 

MHz 


12.5 
12.0 
1 1.5 
11.0 
10.0 

9.5 
9.0 

8.5 
10.0 

10.5 

11.5 
12.0 

12.5 
12.0 

6.0 

6.5 
7.0 

7.5 
SO 

8.5 

8.5 
8.0 

7.5 

6.5 
6.0 

8.5 
9.0 

9.5 
10 0 

10.5 
11.0 

11.5 
12.0 

12.5 
9.0 
8.0 
7.0 
6.0 
9.5 

10,0 

10.5 
11.0 
1 1.5 
12,0 
12 5 


Exciter 

Freni'eitcy 

MHz 


14.0—14.6 
14.0—14.6 
14.0—14.6 
14.0—14.6 
14.0—14,6 
14 0 —14.6 
1 4.0— 1 4 ,6 
14.0—14.6 

3.4 — 4.0 

3.4— 4.0 

3.4— 4.0 
3.4— 4.0 

21 . 0 — 21.6 
21.0—21.6 
3.4— 4,0 
3.4— 4.0 
3.4 — 4.0 
3.4— 4,0 
3.4— 4,0 
3.4 — 4.0 
21 . 0 — 21.6 
21 . 0 — 21.6 
21 0—21 6 
21.0—21.6 
21.0—21.6 
6.9— 7.5 
69— 7.5 
6.9— 7.5 
6.9— 7.5 
6.9— 7.5 
6.9— 7.5 
6.9— 7.5 
6.9— 7.5 
6.9— 7.5 
28.5—29.7 
28.5—29.7 
28.5—29.7 
28.5—29.7 
14.0—14.6 
14.0—14.6 
14.0—14.6 
1 4.0 14.6 

14.0— 14.6 
14.0—14.6 
14.0 —14.6 


of wire positioned near the plate of the 4CX- 
250R, but shielded from the base and screen 
grid of the tubes. 

Coil dimensions are given only as a rough 
guide, as these will vary with builder’s layout, 
parts placement, frequency requirements, etc. 
A grid dippei should be used for adjustment 
of all coils. 

Selection of the crystal frequency will de¬ 
pend upon the exciter injection and the output 
frequency desired. In order to have unwanted 
mixer products attenuated as much as possible 
the oscillator and exciter frequencies must be 
as far as possible from the desired output fre¬ 
quency. The frequency table shows a list of 
crystal, exciter, and output frequencies that 
meet these requirements. 

First, using a grit! dipper adjust the oscil¬ 
lator coil to resonate at the crystal frequency. 
Then adjust the mixer tank to resonate at the 
desired output frequency. Apply power to the 
oscillator and mixer sections only. Check the 
oscillator for resonance and adjust the trimmer 
to drive the mixer to 20-25 ma. Next, inject 
the signal Irom the exciter until the mixer 
plate reads 40-50 ma. Then tune the mixer 
coil lor maximum on the desired output fre¬ 
quency. NOTE: No dip in the mixer plate 
current will he found at the desired output 
frequency. Since there will be dips at other 
frequencies, some output indicating device 
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must be used to tune for maximum,, such as 
a pilot bulb and a loop of wire, or neon light. 

Next, the grid circuit of the amplifier should 
be resonated for maximum output, WITHOUT 
PLATE OR SCREEN VOLTAGE TO THE 
FINAL. Now the amplifier must Ire neutral¬ 
ized. With a sensitive output indicator (RF 
probe and VTVM was used) tune the final to 
maximum output. Adjust the position and 
length of the neutralizing stub to obtain mini¬ 
mum feed-through, keeping the grit! and final 
tanks at resonance. 

After neutralizing is complete the screen 
and plate leads may be connected and power 
applied to the final without exciter input. At 
this time set the static plate current to 140 ma 
by adjusting the bias control pot. ['he ampli¬ 
fier mav now Ik* loaded into a 50 ohm dummy 
or antenna. Without drive from the exciter, 
the oscillator is adjusted to resonate by a peak 
on the mixer plate meter at 20-25 mils. Drive 
from the exciter is then adjusted to 40-50 mils 
on the mixer plate current. Using the grid 
tuning condenser load the 4CX250R , s to 500 
mils keeping the screen current at or below 
0 ma. The screen current will read slightly 
below 0 ma until approaching maximum out¬ 
put. It will then drop to below —10 tna, then 
increase rapidly. Load to 0 ma screen current 
and to 500 ma plate current keeping the final 
at resonance with reference to the relative 
power output meter. When operating SSB, 
screen current should not be allowed to peak 
above +2 ma. 

When using only the amplifier straight- 
through on ham bands, switch off the power 
to the oscillator and mixer sections. The ex¬ 
citer then provides the drive and tune up pro¬ 
cedures remain the same for the final. 

Using the parameters mentioned above the 
power output of this unit was measured at 
650 watts into a 50 ohm antenna. Attenuation 
of unwanted signal products was found to he 
25 db or better down. 

Conclusion 

This particular unit is the end result of 
three units designed and built using these 
mixer principles. The second unit could well 
be of interest in cases where a smaller low 


power unit may be desired. That particular 
unit is designed in the same manner except it 
has no provision for straight amplifier opera¬ 
tion and it uses one 6DQ-5 tube operating 
AR1 linear. Using essentially the same cir¬ 
cuitry, the operating parameters for the 61)05 
are: 700 VDC on the plate, 150 VRDG on 
the screen, 20 ma static plate current, load to 
150 ma. This gives an input of about 150 
watts PEP and a measured output of 60 watts 
into a 50 ohm antenna. 

Both units are being operated on AM and 
SSB. The smaller unit is also being operated 
on RT lb and is used both bare foot and to 
drive a Iieathkit SB-200 amplifier. These units 
both put out a beautiful clean, clear, and 
faithful reproduction of the exciter signal. The 
larger unit is dual purpose for those who do 
not already have a KW final. The smaller unit 
can be used where the station does not re¬ 
quire high power. Either unit will make any 
amateur band transmitter truly all band. So 
pick a rock, sling an antenna, and we ll see 
you around the bands. 

. . . WA4KIH, W40PL 
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Fig. 5, SWR bridge and control circuits. 
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BALUN” FED INVERTED "V” ANTENNA KITS 


U SIMPLE-TO-INSTALL, Hl-PERFORMANCE ANTENNA SYSTEMS: 

1 KW P.E.P. Mono Band Kit ... 1KMB1V/81K ... $21.95* 

2 KW P.E.P. Mono-Band Kit... 2KMB1V/81K ... $26.95* 

* Kit comprises, encapsulated. “Baiun," copperwetd, insulators, 
plus installation and adjustment instructions for any Mono¬ 
band 80 thru 10 Meters. Also available 2, 3, 4, 5 Band Models. 
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Build this shortened beam easily and 
inexpensively and get excellent results. 


Terry Shanklcmd WA8MVR 
270 Fleming Rd. 

Cincinnati, Ohio 45215 


Simple Two Element 
Weeping Willow for Fifteen 


What is a Weeping Willow? fust a vagi with 
bent elements, making it half as wide as it 
would normally be. Will it work? Well, the 
first time I put it on the air 1 got a new coun¬ 
try, Ireland, 5X9 on 15 meters. Another Irish 
ham called me when I finished with the first, 
a situation to which I am not accustomed (lie 
gave me 5X9, too). This was early in 'he 
morning, when the East dominates 15. Listen¬ 
ing to a WB6, I found that his signal dropped 
about 3 S units olf the side and nearly 4 units 
off the back. Satisfied? Read on. 

I have a lousv location. In anv direction, 

the antenna faces houses and fiftv-foot tall 

* 

trees. There is a hill peak about sixty yards 
to the west. My 40 meter dipole at forty feet 
did a fair job. However, 1 wished for some¬ 
thing more. My two hundred watts PEP 
couldn’t hold its own. The Weeping Willow, 
even at its present height of only twenty feet, 
gives me several advantages, among them: 

1. Rotatability: Ever wished that you could 
rotate your dipole to gel a lobe on a good 
DX station? 

2. Unidirectionality: It sure is wonderful to 
cut down those Sixes when l want to hear 
Europe, And that gain! Less QRM coming 
in and more oomph going out. 

3. Small size: If your mounting area is as 
small as mine, you will appreciate the size 
of this antenna, i have a hole in the trees 


Terry is a senior in high school and he’ll cuter 
Broicn University in the Fall. He likes to DX. 



Fig. 1. Configuration of the elements of the weep¬ 
ing willow. 


that is barely big enough for a 6 meter 
beam, much less a 15 meter beam. This 
antenna has the width of a quad with one- 
half the height. The turning radius is only 
seven feet. 

4. Low cost! Even if you must buy all the 

materials involved, the cost should be about 

* 

fifteen dollars. This isn’t bad for what you 
get. 

The Weeping Willow is formed as in Fig, 1. 
This antenna was mentioned in an article 
about a quad 1 . The elements are the same 
length as those of a vagi. However, one-fourth 
of the element’s length on each end is bent 
downward 90°. Thus, my 15 meter version is 
approximately eleven feet across instead of 
twenty-two, and five and one half feet tall. 
Of course, this bending makes a 15 meter ver¬ 
sion a one band antenna. For those so in¬ 
clined, a 20 and 10 meter antenna could be 
built with traps at the bends, a two band an¬ 
tenna die size a 1 a 10 meter beam (how about 
a 40 and 20 version; it’s only thirty-three feet 
across). Mine is two clement because of the 
size and cost, but you might like three or 
more. I used .15 wavelength spacing between 
elements as recommi ended bv the ARIL An- 

■r 

tenna Book. The antenna in the picture cost 

me about $2,15 because I had almost all of the 

necessary materials on hand. There is only one 

big requirement to be met with my version: 

the elements must be above ground on the 

metal boom. T his is not due to the antenna 

design, but to the matching section described 

later. A gamma or T match would not have 

this restriction. For anvone who does not have 

- 

the materials I used, the possibility of a 
wooden boom might be investigated. A list of 
the dimensions for those who do not have a 
handbook: 

driven element (in feet) = 

lreq. in MHz 

reflector (at .15 wavelength spacing)— 

1 David Morgan, K6DDO, *'Three Elements on Three 
Bands 73, July, 1963, P. 62, 
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f 15 meter weeping willow over WA8MVR's 

ise. 


501 

freq. in MHz 


(length in feet) 


There shouldn't be much of a problem in 
tiding this antenna. All that is necessary is 
lay out the tubing, cut to length, bend in 
: proper places, fit together, mount, and run 
the mast. My antenna went together with 
major mishaps (very unusual) and only 
i mistake (the driven element is bent 
jhtly too far in). I hasten to add that this 
S the first antenna that I have ever built 
:h the exception of my dipole. Anyone wor- 
dl about duplicating my feat, forget it; if I 
1 do it, you can too. 

Now for that match. It is quite simple, costs 
le. radiates well, and needs only one adjust- 
■nt, 3 took this straight out of an old 73-. 
r those of you without that issue, here are 
; instructions (maybe Fig. 2 will help): 


Cut a length of RG8/U to the formula 


234 

freq, in MHz 


= length in feet 


Determine exact center and cut off the 
outside cover for about an inch in each 
direction. Do not slice the coax in half. 
Now, cut the braid at the exact center (the 
braid only, please) and gather each side of 
the braid into a clump. To this you can 
solder the feedline (RG8/U) or an SO-239 
female coax connector. 1 just soldered the 
feedline; you may not want so permanent 
an installation. 

Now trim the insulation on the ends of the 
line. Solder the braid to the center conduc¬ 
tor at each end. 

Tape all exposed joints well so that they 
will not be affected bv weather. You now 
have a J* wavelength folded dipole. 


Bill Driml. WCNAT, "Infinite Impedance Antenna 
itch," 73, March, 1963, PP. 20-21. 


This match has several advantages, but also 
requires a few tilings of the builder. First, it 
would be best if you mounted this match in¬ 
side the tubing of the driven element. W6NAT 
says that you can mount it on the outside of 
the tubing if it is larger than the i.d. of the 
tubing, but it is best to put the match inside. 
Second, the driven element must be cut into 
two halves. Just slice it in the middle and 
mount as two pieces a few inches apart (this 
also helps if you want to mount the match 
inside the tubing). The ends of the match 
will just about reach the bends in the ele¬ 
ments. This requirement should not bother a 
person homebrewing the beam, anyway. 
Third, the elements must be mounted above 
ground or the metal boom as already men¬ 
tioned. Last, a 100 pf variable capacitor must 
he mounted in series with the center conduc¬ 
tor to tune out the reactance. I use a Match¬ 
box and this does the job for me. The capaci¬ 
tor can be mounted at the antenna or the 
transmitter. ! lease consult the article by 
WON AT if you become thoroughly confused. 

By now, all the OT’s with six element 
beams and eighty-foot towers must be bowling 
at my misadventures. I wrote this article not 
for ihem, but for people like me. 1 bad never 
built an antenna such as this one. Money does 

m 

not flow in plentitude from my pockets ( I did 
have a summer job which paid for an SSB 
transmitter, though). There is only one small 
hole in which I can mount an antenna. To 
tell the truth, f was afraid that my efforts 
would end with the world’s biggest lemon 
(I’m only seventeen and not yet full of the 
confidence of years). However, the Weeping 
Willow went together easily, which was a 
miracle, and works fine. I must add that I 
have not tuned it at all. I just built it and put 
it up. \\ ho knows what could happen if some¬ 
one would really try to match it to perfection, 

T don’t know the exact gain or front-to-back 
ratio, but the antenna fulfills ail of my hopes. 
Right now it is only twenty feet above the 
ground, but il easily outperforms my forty- 
foot high dipole. 1 can’t wait to get it up to 
fortv feet. 

. . . WA8MVR 


234 

FREG'.''IN MH: 



Fig. 2. W6NAV's infinite impedance match as 
used in the weeping willow. 
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Ed Marriner W6BLZ 
528 Cotima Street 
La Jolla, California 
Dave Ablowicb, Jr. W60C 

Precision Frequency 

Measurements 

for the 
Amateur 


A general discussion of accurate frequency for hams with 
practical notes on reception of very low frequency transmissions. 


The expanding uses of radio have forced 
tighter accuracy and stability tolerance on 
every radio service, including the amateur. 
Rigid frequency tolerance specifications have 
necessarily produced new components, sys¬ 
tems and measurement techniques, R is now 

possible to measure frequency to a higher 
degree of accuracy than any other physical 


(A) BASIC 






IB) IMPROVED MODIFICATION 


IC1BA5C MODIFICATION 


quantity. 

A logical question is: Does amateur radio 
need precise frequency measurements? This 
leads to: Just what does precise mean, as used 
here? Faced with questions like these, the 
measurements man oil the receiving end of 
them invariably asks: What are the require* 
ments? 

Amateurs have often led in the develop¬ 
ment of communications techniques and have 
adapted complex systems to their needs. FCC 
regulations require that each amateur station 
maintain a means of measuring the transmiter 
frequency, independent of the transmitter fre¬ 
quency control. Depending upon the require¬ 
ments this might be a temperature controlled 
quartz crystal, a calibrated receiver or even 
an absorption wavemeter. What are you 
using? 

Accurate frequency measurements might be 
justified simply to protect the licensee against 
possible FCC citations. On the positive side 
they are useful for setting up nets and making 
them easy to operate, for schedules to put 
transmitters and receivers right on the spot for 
immediate CW, sideband, or telety pe contact, 
or for making quick, accurate frequency 
changes to a hole in crowded bands. For the 
technical experimenter and builder they are 
especially useful. 

A sideband carrier frequency may be oper¬ 
ated within ten hertz of the bam! edge if it 
will stav there, and the reduced carrier ade- 

t# 


Fig. 1. Basic Pierce crystol oscillators. Volues of 
resistors ond capacitors will naturally depend on 
the individual tube or transistors used. 


Note: Hertz is now the ‘'approved 11 term for C 3 "rles per 
second. Thus, Hz is equivalent to cps, kHz to kc* ami 
MHz to me. 
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g. 2. Frequency comparison using high frequency 
ansmissions from WWV. 


uately suppressed. Unless the real stability of 
ie generated carrier is known with confi- 
ence such operation would be unwise. (,)ues* 
on a hie performance of a costly sideband 
/stent may result from frequency shifts that 
nist be measured in hertz. Most owners of 
jcli equipment having such trouble would 
robably return it to the factory with instrue- 
ons to make it work or send my money 
ack" or perhaps “no more pavements ’. 

The plus or minus 20 hertz stability re- 
uirement for good sideband performance arid 
erfeet duplexing is only one part in 100.000 
tolerance 1 x 10~ 5 ) at 2 MHz. In the 10 
leter band it is 2/3 part in 10 ,; or 6.7 parts 
n 10*. Phis accuracy can be accomplished by 
sing as a reference equipment made with 
uvpliis parts in modern circuits. It is so 
imple and eas\ to have a frequency standard 
nd accessories of this capability these days 
hat there is no reason to be without such 
seful gear. 

1 nfortunately, we can not buy apparatus 
chich a manufacturer can guarantee unre- 
ervedly as producing a refrence frequency of 
liis order, whether we buy it in one piece or 
nit it together. A reliable source of correct 
requency is needed to put the gear “on the 
lose” and keep it there. To maintain the toler- 
nces mentioned hams may use their old 
riend WWV. 

Like everything else. WWV services have 
iceii improved, but radio propagation cliar- 
icteristics have not. Calibration instructions 
vhich usually read something like “adjust the 
eceiver for clear reception of WWV suggest 
he recipe for rabbit stew which begins, “first 
:atch your rabbit”. In spite of the fact that 
he emmissions leave the transmitter accurate 
o a part in 10 1 ". and arc maintained very 
tahly, the average comparison against WWV 
s reliable only to a part or two in 10 7 . By 
tudying the problem, choosing the best re¬ 
ceived frequency and the best time of day, 
iceuracy of the order of a few parts in 10 s 
nay be established—il the crystal oscillator 
.Iso has tin's order of stability. The ordinary 
everyday sort of beat comparison with WWV 


is suitable for most amateur crystal standards 
used for reference. 

With a stable oscillator being compared at 
any of the WW V frequencies, except perhaps 
20 or 25 MHz, an aural heat is not dose 
enough. Under most conditions a zero beat is 
not reliable. Most ears are quite miselective 
below about 60 Hz; besides it is sometimes 
bard to decide between a slow beat and a 
fade. I be simplest substitute is a sensitive 
mi Ilium meter connected to the demodulator 
output through a filter with a cut-off Ire- 
quenev somewhere below about 10 Hz. 
Usually a resistor of about 47k ohms and a 
capacitor of about 0.5 uF will do the job. 

Militan communications, navigation sys¬ 
tems, timing systems for rocketry and space 
vehicles have need for better reference 
sources. Such activities often require controls 
that must be maintained within a part in a 
billion ( l p/10 1 ') or better. WWV high fre¬ 
quency broadcasts are useless for calibrating 
such precise systems because of the influence 
of propagation conditions. Means that have 
been developed for providing suitable refer¬ 
ences also provide the amateur with highly 
reliable, easy to use, standard frequency trans¬ 
missions. 

A bit ol history and a discussion of recent 
developments form a necessary prelude to the 
information to follow. So to proceed as briefly 
as possible. There was a time when all but a 
small portion of wireless communications was 
done with wave lengths of 30,000 to 10,000 
meters. We now say 30 kHz to 30 kHz and 
call this hand very hue frequency (VLF). The 
low frequency {LW) band is 30 to 300 kHz. 
The Navy has long used VI,K and maintains 
several transmitters in the bant! below 30 kHz. 
Thev are able to communicate world wide 

gr 

when magnetic or ionospheric storms disable 
the higher frequencies. Because of the nature 
of those emissions modem equipment in sub¬ 
marines can receive them while submerged. 
Systems have been developed for stabilizing 


SCOPE 



Fig. 3. Frequency comparison using very low fre¬ 
quency transmissions. See Figs. 4 and 5 for the 
notch filters ond VLF receiver. 
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[ RECEIVE* 
LO-2 
1 INPUT 


t 
I 

Fig, 4 18 to 20 kHz notch filter and antenna 

tuner for high and low impedance receiver inputs. 
The coils are Miller 6315. 



the frequencies of these stations so that they 
vary no more than 1 p/10 1 ® per clay about a 
nominal frequency known to a feu parts in 
10 “ 

1 he basis of accurate frequency is a stable 
time reference. Frequency and unit of time 
are inseparable. One may be defined in terms 
of the other. 

For more than a century the Naval Obser¬ 
vatory has been the custodian of time for the 
United States. With the Naval Research Labo¬ 
ratory, the National Physical Laboratory of 
Britain, and private investigators like J.A. 
Pierce of Grafts Laboratory, Harvard, they 
conducted long distance tests by YLF over a 
period of several years. The results led to the 
establishment of die Ephemeris second, based 
on the earths orbital motion, as the time in¬ 
terval for scientific work. They also deter¬ 
mined the resonant frequency of a nuclear 
energy trailsistion of the element cesium in 
terms of the Ephemeris second. This led to 
establishment of an international system of 
atomic time in which the period of 9,192,- 
631,770 cycles oi cesium resonant oscillation 
is one second. No longer is the turning of the 
eaitli on its axis a suitable time reference. By 
comparison willi the other references the earth 
wobbles along like a sprung buggy wheel 
rolling on a rutty road. 

Station NBA in Panama and other Navy 
stations are continuously monitored by the 
Naval Observatory and the Naval Research 
Laboratory to maintain them accurately on fre¬ 
quency. Naval stations ashore and afloat have 
receiving systems which use these stations to 


maintain their frequency standards a ecu 
continuously to the least 1 p/10°. 

At mid-1965 the Navy stations using V 
all with power output from ! 00 kilowatt; 
1 megawatt, are as follows: 

NAA Cutler, Maine 17.8 kHz 9 
MIA Summit, Panama 24.0 kHz 
NPG Jim Creek, M ash 18.6 kHz 
NP.M Honolulu, Hawaii 26.1 kHz 
NSS Annapolis, Md 21.4 kHz 
“alternates hourly with FSK (or ot 
phase shifted emissions) and Morse t 
graph. 

Now—the relationship to the amateur oi 
ator. By the method described for HF rec 
tion, a quite ordinary VLF receiver is 
means to very accurate frequency comparis 
with these stations, almost any time, day 
night. The only restrictions on the amatei 
accuracy of comparison are the stability 
bis standard oscillator, and how long he 
willing to watch a meter or oscilloscope 
time a beat or note a change. 

The oscillator will have to be used wit 
set of multivibrators or other frequency d 
ders to produce output at one hertz ban 
nics which are used to beat with the V 
stations. Should one of them use 18 k 
(once used by NBA), a cycle on this J 
queiicy occurs in 55.5 microseconds. A mill 
cycles occur in 55.5 seconds. So, if the b 
meter pointer moves across the scale (or 
scope pattern moves), a half cycle in 56 s 
oriels—and maintains this rate—the oscilla 
under comparison is accurate ami stable t< 
part in 10®. A full beat in 9 minutes, 
seconds, or a half beat in 4 minutes, 38 s 
onds, represents 1 part in !0 T . 

More versatile, though a bit more comp 
systems for amateur use are developed fr 
methods suggested by Hastings and Stone 
June 1961 NRL Report. These have b< 
used to meet the needs of ship-yards, pend 
production of a military model of a V 
phase tracking system. They have proved 
be adequate as an interim method for c. 
brating the most precise Navy Frequei 
Standards. 

Virgil Neher W6KT, has had a long ti 
interest in frequency measurement. A f 
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Fig. 5. Antenna tuner and notch filter for 14.5 
25 kHz. 
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III UHHIL I Hi ll 


I SWAN 350 


LOOK INTO THE 


The performance of the Swan 350 in your 
car may not quite equal your home station, 
but you will be amazed at how often the 
difference is very small. Many Swan mo¬ 
bile operators have established enviable DX 
records. QSL cards on file here at the fac¬ 
tory verify solid contacts from all conti¬ 
nents including stations in Antarctica. 

Old timers who have fought QRM with old 
style AM equipment have discovered a new 
world of mobile communication thanks to 
the power and punch of the Swan 350 and 
400 transceivers. The efficiency of the SSB 
mode coupled with the convenience of 
transceive operation and a powel level un¬ 
matched in the field, represent a combina¬ 
tion well worth looking into. So, if you 
haven’t heard a ZL, i DU or JA say, 
“stand by, the mobile Tf station,” then, 
why not put a Swan > in your car this 
summer! 


The 350 installs conveniently under the 
dash of most cars, and the power supply 
goes under the hood. The best location for 
a mobile rig is naturally up front under 
the dash, but if you have a car with a center 
console and a consequent space problem, 
you will be happy to learn that either the 
350 or 400 can be installed in the trunk. 
The 406B external YFO was designed to 
permit trunk mounting of either trans¬ 
ceiver, and thanks to its miniature size, 
the 406B can be mounted conveniently in 
any car, either under the dash or on top 
at eye level. Add an efficient 5 band mobile 
antenna such as the model 55 or 45 Swan- 
tenna, and you can enjoy mobile operation 
to the fullest. Home station performance? 
Wei not quite, but nothing comes closer 
than a Swan Transceiver. 

73, Dave Howard, WA60QY 

PRICE LIST 

Model 350 Complete transceiver.$420.00 

Model 400 Deluxe transceiver, less VF0.. $420.00 

Model 406B Mobile VF0.$ 75.00 

12 volt Mobile Suppfy Model 14-117.$130.00 

RC-2 Remote Control Kit.$ 25.00 

Model 45 Swantenna.$ 65.00 

Model 55 Remote Switching Antenna.... $ 95.00 

for further information on Swan transceivers and 
accessories, see your Swan dealer— 


Performance 


SWAN SPEAKS YOUR LANGUAGE 
ASK THE HAM ,jU HO OWNS ONE 


Oceanside. California 


-—;■ m 
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years ago, \\ 60C ami W6KT had a session on 
die various methods of measurement, for the 
amateur. \V6KT produced a progressive series 
of receiving devices for calibrating a precision 
oscillator, which was a product of the relation¬ 
ship. The stability performance of his oscilla¬ 
tor approaches closely some of the better 
commercially available products. II seems that 
it may be very easily classed as a 1 p/ lu per 
day unit, and since mid-1965 the ageing rate 
has decreased until it is not observable with 
the methods in use, A clock driven bv such 
an oscillator would keep time within a second 
in three years or more. 

Such a fine oscillator is not necessary for 

* 

amateur requirements. A reasonably good 
quartz crystal in a good circuit, well con¬ 
structed, will fill amateur radio needs. Most 
quality oscillators available today use what is 
known as a “Warner crystal, in some varia- 
tiott of the well known “Pierce” circuit. The 
conformation of most of these has led to their 
being called "Crystal Colpitts”. An article on 
this development with respect to self excited 
circuits is listed last in the bibliography. 

The basic “Pierce” circuit and die simplest 
form ol current tube and transistor modifica¬ 
tions are shown in Fig. 1, Crystals operate 
series resonant in these circuits. Among com¬ 
mon mass produced crystals for transmitter or 
receiving conrol, those operating very close to 
a specified frequency at parallel resonance, 
have been known to operate as much as 0.1% 
higher in a “Pierce circuit. In general, shunt 
trimmers have very little effect on the fre¬ 
quency of oscillation, so may he used for very 
fine adjustment. 

Surplus 1 MHz crystals of excellent quality 
for amateur purposes have been available for 
as little as 2 for $2.35. Several sources adver¬ 
tise such crystals for about S2 or $3. Some 
100 kHz crystals have been available at 
slighth higher prices. A good check of the 
ads in the magazines will bring some worth¬ 
while results when looking for bargain crys¬ 
tals. 

To the good crystal oscillator just discussed, 
add Some sort of divider string to come out 



w ith l kHz and if von want to go first class, 
100 Ilz. Also latch on to an oscilloscope which 
has provision for locking, driving, or trigger¬ 
ing the sweep externally. The handbooks 
describe the latest versions of the old standby 
frequency divider, the multivibrator. Many 
amateurs toda\ meet flip-flops, and phanyas- 
trod circuits in their daily work. These can 
hardly be kept from working if wired cor¬ 
rectly. [ust put them together and drive with 
the standard oscillator. 

For NBA on 18 kHz Virgil W6KT, coupled 
the 17.5 kHz harmonic of a 2500 hertz output 
to the antenna of the receiver. The receiver 
has no audio detector (though one can he 
useful). The yield from the last rl (or if J 
stage is applied to the vertical plates of the 
oscilloscope. Adjustment of the injected sig¬ 
nal level is made to effect 100a modulation of 
the incoming 18 kllz signal. A carrier with 
500 ilz envelope is developed. The 500 Hz 
harmonic of one of the lower frequency divi¬ 
ders is applied to the horizontal drive or di¬ 
rectly to the horizontal input of the scope. 
Adjustments are made to display one cycle 
of the envelope on the CRT. 

II the oscillator is sufficiently stable and on 
frequency the pattern will appear stopped. 
Actually it will move across the screen at a 
rate which is a measure of the difference be¬ 
tween the standard and the reference VLF 
station. Virgil sets the zero of the modulation 
envelope (or cross-over point of the pattern 
if you like) at a vertical line on the face of 
the scope. He then checks the time in minutes 
or seconds for movement ol the pattern some 
definite fraction of a cycle. For NBA (when 
on 18 kHz), movement of 1/10 cycle in 30 
minutes indicates a deviation of about 3 parts 
in ION The same movement of the pattern in 
about 36 seconds shows a deviation of 1.5 10 7 , 
about as good as the normal HF comparison 
against WWV, 

The VLF and LF services of the National 
Bureau of Standards are extremely accurate 
but are not so easilv received bv amateur 
methods because of the relatively low radi¬ 
ated power. On 20 kHz the output of WWVL 



Fig, 6. Tuned amplifier for 18 Or 20 kHz, The coils, which should be shielded, are Miller 6210 or Mil 
ler 6315. Transistors are 2N I 149, etc. The 100 k resistors should be adjusted for about 1 ma collector 
current in each transistor. 
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Fig. 7* VLF superhef receiver for 14.5 to 25 kHz. IF frequency is 42 kHz. 


is about 1 kW; on 60 kHz WWVR radiates 
about 6 k\V, Antennas and transmitting equip¬ 
ment are installed near Ft. Morgan. Colorado, 
because of experimental and research work 
being conducted using special emissions using 
pulse, or phase or frequency shifted signals, 
it is not always possible to effect accurate 
frequency comparisons by simple methods. 
Subscription to the NBS bulletins relating to 
their standard frequency broadcasts may pro¬ 
vide information in detail about the special 
emissions. 

When the signal under control of the stand¬ 
ard oscillator is injected into the antenna, the 
entire receiver must have band-width at least 
as great as the numerical value of the differ¬ 
ence frequency. For NPG, 18.6 kHz, the in¬ 
jection may be 19 kHz and the pattern and 
scope deflection signals will he 400 Hz. For 
\PM. 26.1 kHz, 26 kHz injection makes the 
difference 100 Hz. Likewise. IS kHz mixing 
with NAA, 17.8 kHz yields 200 Hz. VLF 
signals of even 1 kHz multiples like 18 or 24 
kHz may he compared directly by applying 
the receiver rf output to the scope vertical 
plates and the divided standard frequency of 
the same value to the horizontal plates. Move¬ 
ment of the Lissajous pattern with time gives 
the deviation. 

Since allocations in the VLF range are as¬ 
signed at even 100 Hz intervals, interference 
can be a problem if the receiver is not sharp 
enough or filters of some sort are used. An 
antenna tuner sharpens the response and will 
improve the signal about 15 dB. II inter¬ 


ference persists, one or more “Notch Filters” 
will usually clear it adequately. 

For the serious “researching” amateur, a 
bibliography of reference material on preci¬ 
sion frequency equipment and VLF trans¬ 
mission is provided at the end of this article. 

. . . W6BLZ 
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VHF Parametric 
Transistor Multipliers 


In the March 1965 issue of “ 73 ", authors 
Firth and Olson described "The Parametric 
Transistor Multiplier , —the combination of 
parametric diode imdfiplieation and class "C" 
amplification in a single transistor. Note , co¬ 
author Olson shows how the technique can be 
extended to the VHF range , in a somewhat 
different mode that is more practical at the 
higher frequencies. 

During the last year there has been con¬ 
siderable interest in the use of transistors as 
parametric multipliers. In fact, at least one 
semiconductor manufacturer has advertised a 
silicon power transistor that is specifically de¬ 
signed for parametric multiplication, R.C.A. 
has recently released its 2N4012 which, op¬ 
erating with 1 watt of 324 MHz drive, will 
produce 1.4 watts of 1296 MHz output. 1 

In a previous article in 73, a type of para¬ 
metric multiplier was presented that utilized 
the emitter—base junction, of a transistor in a 
grounded-base, class—“C” amplifier.* The cir¬ 
cuit was as in Fig. I, a 3.5 MHz to 14 MHz 
quadruples This circuit is presented again for 
reference and to correctly show the idler fre¬ 
quencies—which were incorrectly labeled in 
the original figure. As can be seen, the ampli¬ 
fication takes place after multiplication (at 
14 MHz), since the idlers are across the emit¬ 
ter-base junction. 

The original method of parametric transistor 


multiplication lias in its favor: an easy-to- 
follow development from a circuit composed 
of a separate varactor multiplier and class “C” 
amplifier, and good load isolation. 

In the VHF multiplier, we will reverse the 
order, letting class “C” amplification take 
place at the input frequency, and do the mul¬ 
tiplication thereafter. This means that, now, 
the idlers will be across the base-collector 
junction, which acts as a non-linear capaci¬ 
tance. 

The advantage of this configuration is that 
transistors can be used to produce output 
power that exceeds their input power, even 
though operating above their f T . The disad¬ 
vantage is that the idlers and output circuitry 
become one big network, which makes under¬ 
standing more difficult and does not give load 
isolation. 

An elementary VHF parametric multiplier 
is presented in Fig 2, showing the idler-output 
circuitry on the base-collector side of the tran¬ 
sistor. Since the input impedance to a ground¬ 
ed-base stage of this type is low, one can ac¬ 
tually use such an untuned input circuit dur¬ 
ing initial tests. 

In designing a parametric multiplier, we 
ought to restrict ourselves to driving frequen¬ 
cies of lower than 1/3 the frequency at which 
the transistor has unity power gain, f T . Also, 
only multiplication factors (“n”) of two, three, 
four, and possibly five should be tried. Multi¬ 
pliers with “n” greater than five require too 
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Fig, L High frequency parametric transistor multiplier. The multiplication (similar to that of a varac¬ 
tor) takes place in the emitter-base junction, then the transistor amplifies the signaf at the multiplied 
frequency, 14 MHz. 
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Fig. 2. 48 to 144 MHz parametric transistor mul¬ 
tiplier. Note that this circuit is untike the one in 
Fig. ] in that the multiplication takes place in the 
base-collector junction. This is a preliminary cir¬ 
cuit with untuned input. C5 is Cs, stray capacitance 


man)' idlers, and the calculation and imple¬ 
mentation of such circuits gets out of hand. 
As an example, a transistor with an f, of 120 
MHz would best be driven with 36 MHz in¬ 
put and designed as a quadrupler, if 144 MHz 
output is desired. 

Bear in mind that the transistor must be 
operated at an input frequency where it has 
some power gain, since all amplification goes 
on at the fundamental frequency. This fact is 
clearly shown in a recent R.C.A. application 
note (SMA-40), wherein a 2N4012 will t> pi¬ 
ca I ly put out less than 1 watt at .1296 MHz 
as tripler (with 1 watt oi 432 MHz drive) but 
will put out 1.4 watts at 1296 MHz as a quad¬ 
rupler (with 1 watt of 324 MHz drive)! This 
relation is shown in Fig. 3. 

As a start, let's design (and gain experience 
with) a circuit which is inexpensive and for¬ 
giving, yet which will demonstrate all the 
little subtleties of VHF parametric multipliers. 
A transistor costing less than a dollar is used; 
it is normally used ‘in small signal applica¬ 
tions up to 20 MHz.” We will use a 2N3053 
as a 48 MHz to 144 MHz tripler, and if there 
are any "semiconductor tragedies,” at least we 
are not out much. 

Looking at the 2N3053 spec, sheet, we find 
that it has a maximum gain-bandwidth prod¬ 
uct of 200 MHz, see Fig, 4A. The second fact 
that is apparent is that, unlike some of the 
“overlay” transistors, no curve of collector-base 
capacitance versus voltage is given. Since the 
collector-base capacitance (Cob) is a deple¬ 
tion-region capacitance, it should follow the 
same (exponential) curve as that for varactor 
diodes. We then can take the normalized ca¬ 
pacitance-voltage curve from any varicap data 
sheet, plug in the one data point as given by 
our particular transistor spec, sheet for Cob; 
(15 pF at 1.0 volts for the 2N3053), and get 


the values ol capacitance lor any other volt¬ 
age. 

However, to simplify matters, suppose we 
make our first attempt at a collector of 4-10 
volts, where Cob is known, i 11is., also, gives 
an operation point that falls on the published 
Ec-Ic curves of the 2N3053, see Fig. 4B. If 
we decide on an average collector current of 
,30 inA, this puts our operating point approxi¬ 
mately a third of the way between the 175 
MHz and 200 MHz gain-bandwidth contours 
of figure 4a. This point is marked by an X, 
and gives us a gain-bandwidth product of ap¬ 
proximately 180 MHz. 

A 48 MHz to 144 MHz tripler easily fits 
within our criterion of 1/3 the f T for a drive 
frequency. Fig. 2 is such a tripler, simplified 
to make it easy to adjust initially. The effec¬ 
tive output capacitance of the transistor is 
Cob plus Cs (a stray wiring capacitance of 
5 pF), for a total of 20 pF. 

L, and C x , the 48 MHz idler, must be se¬ 
ries resonant in combination wit l the 20 pf 
output capacitance. That is, Fig. 5A must 
resonate at 48 MHz. Similarly, Fig. 5B must 
resonate at 96 MHz, and Fig. 5C must reso¬ 
nate at 144 MHz. Or, at least, this is nearly 
true, since each idler’s impedance at the other 
two f requencies modifies the design aim some¬ 
what. Since we know that Cob4“C e is 20 pP, 
L t must be at least 0.6 pH to resonate at 48 
MHz. Let’s take L x to be 1.2 pH and make 
Cj=20 pF (a 3 to 30 pF trimmer in the ac¬ 
tual case . In a similar way we make L 2 =0.3 
uH and C 2 =20 pF. Then with the output se¬ 
ries-circuit we must use a bit more caution, 
making L 3 relatively large in order that C 3 be 
small, so as not couple too much of the funda- 
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Fig. 3, Output of an RCA 2N4G12 operated as a 
parametric transistor multiplier. Note that the 
2N4012 wit I pu out more power at 1296 MHz as 
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Fig. 4A. Gain-bandwidth curves for the RCA 2N3053 (a 96c transistor). Fig. 4B. Collector current Me) 
versus collector-emitter voltage (Vcb) for the 2N3053. Add an "X" at the junction of 10 on V.-e and 
30 on In in A. 


mental and 2nd harmonic to the output. L ;! is 
made 0.4 |iH and C 3 is 3 pF, (a 3 to 12 pF 
trimmer). The output tap is deliberately 
placed very low on L ;i , to cause small loading, 
during initial adjustment. 

The 48 MHz, 50Q output of a small (6 
meter) exiter is coupled to the input of the 
multiplier, after the output of the multiplier 
is terminated in 500. Increase the drive to no 
more than 10 volts rms and one should see the 
2N3053 collector current climb from zero to 
our operating point of 30 mA. Using a grid 
dip meter as an absorbtion wave meter, couple 
it to L :{ and tune C ;; for the maximum 144 
MHz output. Then tune Cb for maximum 144 
MHz output with the grid dip meter still 
coupled to L ;i . And, similarly peak up Cj. The 
drive level will need readjusting (reducing) 
during this process. C,, C a , and 0 3 , should 
then be readjusted several more times for 
maximum 144 MHz output, until readjust¬ 
ment has a small effect. 

At this point vve will go back and put a 
matching transformer in the input, to optimize 
transfer of drive from the 500 driver to the 
2X3053 emitter. Also, various taps on L 3 for 
optimum output loading are tried, each time 
retiming C,, C a and C 3 . Now, finally, that 
we’ve “juggled” and "tweaked” the whole 


thing up, the reader will begin to understand 
what he lias in store if large multiplication 
ratios are involved. 

As to the performance of the unit, it re¬ 
quired i.3 volts rms of 48 M Hz drive at 500. 
The 144 MHz output was 2.25 volts rms 
across 500. The collector efficiency, then, is 
33* (300 mW dc power input, 100 m\V of 
144 MHz output). To asure ourselves that the 
RF output voltage that was being measured is 
really predominantly 144 MHz, a look at it 
was taken with a highly specialized oscillo¬ 
scope. Hie oscilloscope used was a “storage” 
scope with "sampling” plug-ins. Such a device 
allows one to look at repetitive waveforms up to 
J ,000 M l Iz and “store” that waveform image on 
the scope face, lor leisurely examination and 


1? % 


(A) 



rn 






(C) 

Fig. 5. Output circuit of the parametric transistor 
multiplier. In A, the resonance is at 48 MHz, in 
B, at 96 MHz, and In C, at 144 MHz. 
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DAVCO 


MODEL OR-30 RECEIVER 


Rf 6AJN 


New, compact, high performance 
solid-state receiver for amateur 


applications 


Featuring FIELD-EFFECT TRANSISTORS 


FEATURES; 

• Complete ham-band coverage flO-IO meters 
and portion of 6 meters * Standard-equipment 
9*540,5 Me band provides WWV and 31 meter 
SWL band* Three position selectivity for optimum 
fidelity and QRM rejection * Crystaf-controlled 
BFO; separate AM and Product detectors; AF 
and RF gain controls * Full AGC with selectable 
decay time; S-Meter: illuminated dial 4 Fly¬ 
wheel tuning drive with high-ratio split gears; 
direct calibration on all bands - Tunable rejec¬ 
tion notch filter; extremely effective noise 
limiter * Transmitter type VFO; crystal con- 
trolled lirst oscillator; built in crystal calibrator 
■ Low power consumption, permitting 12V 
battery operation when desired; AC supply 
available * Full transistorization, diode select 
* tivity switching, plug-in module construction, 
highest quality components * Rugged, stable 
extruded aluminum chassis for extreme sta¬ 
bility; textured grey metal cabinet; FULLY 
GUARANTEED, 


Davco's "Amateur-Engineered" DR-30 pro¬ 
vides the maximum in communications effec¬ 


tiveness under the most rigorous operating 
conditions, all in an exceptionally compact 
unit. {Only 4” H x lYs" W x 6*' D.) The Field- 
Effect Transistor is a revolutionary new solid- 
state device which combines all the advantages 
of both tubes and conventional transistors and 
eliminates their disadvantages. The use of the 
FET in the DR-30 RF stages provides greater 
sensitivity, better image rejection and excep¬ 
tional freedom from cross modulation or over¬ 


loading on strong signals. Engineered to meet 
the needs of the most demanding amateurs, 
no matter the preference in bands or modes 


of operation 


DAVCO DR-30 RECEIVER 


$389 


50 


For further information and illustrated brochure , write: 

DAVCO ELECTRONICS, INC. 

P.O. Box 2677, 2024 South Monroe Street 
Tallahassee, Florida 32304 
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Bottom viev, of the 48 to 
1 44 MHz tripler in Fig. 7. 


sketching. The waveform of the above unit is 
shown in Fig. 6, as it was sketched, from stor¬ 
age 'scope face. Three cycles of 144 MIIz RF 
are displayed so that the amount of 48 MHz 
present can be observed. The fact that a 
rather special 'scope was used for making Fig, 
ft does not mean that it was essentia!, but 
its use only confirmed our other measure¬ 
ments. The grid dip meter was the only neces¬ 
sary piece of test equipment. 

The final circuit is shown in Fig. 7. It was 
built inside a 5 X 7 X 2 aluminum chassis as 
shown in the photo. Note that the input cir¬ 
cuit occupies occupies the 2 / 2 " compartment 
at one end o! the chassis. The transistor is 
mechanically and electrically attached with an 
IERC TX 0507-IB heat sink to a 3 inch long 
piece of %" wide copper strap (the collector 
ot a 2N3053 is connected to the case). This 



rig. 6. Output woveform of the tripler in Fig. 7. 


strap serves to dissipate heat, and also serves 
as a low inductance connection to the idlers. 
Note ; hat the three coils for 48, 96, and 144 
MHz are all spaced from each other and all at 
right angles to each other, to avoid inductive 
coupling. A bottom plate is used which com¬ 
pletes the shielding of the input and output 
compartments. It has a /s" hole in it for adjust¬ 
ment of C 3 and a lJs" hole immediately above 
L.j, so that the grid dip meter can be coupled 
to that coil during adjustments. 

A second unit was constructed to try the 
principle as a 144 MHz to 432 MHz tripler 
(Fig. 8). The transistor used in this case was 
a 2N3553 (R.C.A.) which was about $8.00 
when purchased. The newer 2N3866 should 
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Fig. 7. Final circuit of the amplifier-tripler in Fig. 
2. It puts out lOOmW on two with 45 mW of 48 
MHz drive and 300 mW dc input. 
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work as well and is only about $5.00. (the 
2N3866 is now being manufactured by two 
other firms, which will tend to bring the price 
down), 

The 432 MHz tripier was constructed in a 
smaller chassis, a Bud AC-431, measuring 
4X6X2. It was partitioned, as before, and one 
will note the “wavelength scaling” throughout 
(ie: smaller inductances and smaller capaci¬ 
tances) in the photo of it. Note, also, that 
the copper heat sink tab had to be cut shorter 
than previously to reduce its inductance. 

The output of the unit is 320 mW at 432 
MHz with 180 mW of 144 MHz input. The 
DC input power was 12 volts at 50 inA, or 
600 mW. 

While the two parametric multipliers herein 
described are perhaps not pushing the state of 
the art, they do represent working models of 
a relatively new technique. No doubt the 
units shown can be driven harder, modified, 
etc.; but the experimentation and “smoke-test¬ 
ing” will be left to those interested in further 
work. As they stand, the circuits may be use¬ 
ful in handytalkies, or (offset a bit in fre¬ 
quency) as local oscillator chains. 

What has been attempted above is to pre¬ 
sent an approximate method of designing a 
parametric-transistor-multiplier. The resultant 
circuits do work, though they are almost cer¬ 
tain not to be optimum circuits. Since we can 
change drive level, operating voltage, C 1} L t) 
Cf>, L 2 , Cg, f J3 , and the tap on L 3 ; we can be 
said to be dealing with nine variables. The op¬ 
timization of such an array is nearly hopeless 


144 MHz 
INPUT 


C4 

Qj&-50p* 

TRIMMER 




C5 

470 pf 

rii 


C4 



SHIELD 

1 


C3 

0.5‘5pi TRIMMER 


432 MHz 
OUTPUT 


412 V 


C2 

0S-I2pf 

TRWMER 


MOTES 

LI->172 TURNS NO.IS.WDMW/a'ta 
L2-2 TURNS NQ, 12,3/8” BA,,1/2'LG. 
L3-N0.12.2-3/4 h LG.,TAP 1/2” PROM 

bottom 

L4 - 5 TURNS NO. 12 1 1" UG-, TAP AT 
i & 2 TURNS FROM BOTTOM 


Fig. 8. Parametric transistor multiplier from 144 
to 432 MHz, Output is 320 mW with 180 mW 
input on 144, with DC input of 600 mW (12 volts 
at 50 mA). 


theoretically, unless a digital computer is 
handy and you can set the nine equations in 
nine unknowns up for it. 

However, this approximation rnethoi! does 
work—give it a try! 

Fhe author wishes to thank Radio Corpora¬ 
tion of America for permission to use Figs, 3 
and 4, 

. - . W6GXN 
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Louis Franzel W5TOM 
11802 Chimney Rock, Apt. Ill 
Houston, Texas 77035 


How To Gei: Your Extra 

Class License 


With all the controversy about incentive 

W 

licensing going around and the good possibility 
of (he FCC making an extra class license 
necessary to enjoy full ham privileges, 1 guess 
many of us have given serious consideration 
lately to getting that extra class ticket. Any 
ham would be proud to have one of these 
licenses simply because of its prestige and 
the feeling of self-accomplishment that it 
gives. But until now, who has needed it? 
A general class license gives us full operating 
privileges now, so why go to a lot of trouble? 
This I’m sure is the attitude that most of us 
have taken, but now our thinking perhaps has 
changed in view of the recent developments. 
The thought of getting out the code practice 
oscillator and the theory books is not too 
pleasant to many of you, but let’s say that 
you’ve told yourself that this is the thing to 
do and you’ve resigned yourself to getting that 
extra class ticket. Just what do we have to do 
to get it and where do we start? Well, we 


Louis is an electronic engineer at Gulf Acro- 
spucc (BAS, Houston). He luis a second class 
telegraph ami first plume license as well as 
his extra class ham license , and has written 
many articles for main/ periodicals'. 


know that we will have to gei our code speed 
up to 20 wpm and that we will have to bone 
up on some theory. Let’s take a look at several 
ways that you might be able to do this. 

Code speed 

II you are a regular CW man you are prob¬ 
ably capable of about 20 wpm already, or you 
can’t be too far away from it. Most of us don’t 
really know exactly what speed we are capable 
of, so don’t jump to any conclusions, l^ind 
out just where you stand and then do some¬ 
thing about it if you have to. I guess the best 
way to check your speed is to use a commer¬ 
cial code machine set to 20 wpm. If there is 
none available to you, check in with ARRL 
station \\ I AW in the evenings. (See a recent 
issue of QST for times and frequencies.) They 
regularly transmit code at various speeds and 
make it easy for you to check your capability'. 
You may be surprised to find that you can al¬ 
ready receive 20 wpm or very close to it. If 
you’re not quite there, start practicing. 

11 you’re a phone man, then you’ve got 
another problem. The thought of having to 
copy code at 20 wpm is probably enough to 
make you throw up. But don’t panic. If you 
once copied 13 wpm for your general class 
ticket, then von should he able to work back 
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up to and beyond that now. Before you go 
telling yourself how rusty you are, check your 
speed by a code machine or WlAW to be 
Mire. Then get to work on improving it. If 
you re a regular phone man and hardly ever 
work CM, then the best thing you can do is 
to put the mike away for a while and get out 
the key. The best (and most painless) way to 
up your code speed is to do some regular CW 
hamming. Nothing will get it up faster—and 
you 11 be getting up to the speed you need to 

renew your ticket (if you fail the extra class 
exam). 

I was away from ham radio for about four 
years at one time before I finally realized that 
to renew my ticket I was going to need some 
t,\V operating time. I rented some gear and 
put in a couple ol good weeks on 40cw and 
got the needed time. But what surprised me 
was that I remembered the code at all, I not 

remembered it, but I was good for 
about JO wpm when 1 started and was doing 
lo to 18 when T quit. So don’t start thinking 
pessimistic things about your code abilities. 
They are probably better than you think and 
with a little effort you can improve tremen¬ 
dously. Alter a couple of weeks of CW opera¬ 
tion, check your speed again and do what’s 
necessary to get it up to 20 wpm if you still 

need it. Practice is the kev to it all. 

* 

Getting our code speed up to 20 wpm is 
probably the toughest requirement of the 
whole project. I personally feel that the 20 
wpm requirement is dumb. That is a little too 
fast for comfort. Oh, I believe that the FCC 
exam should require a code capability, but 
why so fast? Is there really a reason for this 
other than trying to screen out as many per¬ 
sons as possible? If we could average the 
speeds of all CW stations on 40 meters some 
Saturday night, I bet it would fall in the 10 
to 15 wpm range. That’s not too fast or too 
slow. It’s just comfortable and why shouldn’t 
we be comfortable. This is our liobbv isn’t it 

a 1 

and why should our hobby require us to be 
so uncomfortable? But we are stuck with this 
requirement so we ought to get used to the 
idea and start practicing. 

Theory 

The extra class exam is quite a bit tougher 
in the technical department than the general 
class, but with a little study we should be 
able to do it. 1 guess most guys will immedi¬ 
ately rush out and buy a copy of the ARRL, 
CQ or Sam’s license manual and will start 
memorizing it just like they did when they 
got their general class ticket. Well, believe it 
or not, this is not the quickest and easiest 
wav that it seems to be. And if vou do it this 


way, you are really cheating yourself. I’m hot 
just saying this to offend some of you, and 
I’m not knocking license manuals. What I am 
trying to say is that too many of us get our 
tickets by memorizing, and the license manuals 
have made it too easy. It should not be this 

■F 

way but it is. The license manuals are written 
as a guide to the material covered on the 
FCC exams. They tell you what you can ex¬ 
pect on the test and you really should have 
one. They are NOT written to teach you 
electronics, however, and tins is what you 
need to do—learn electronics. Why? Let me 
give you a few reasons. First, by knowing 
electronics you will really understand the li¬ 
cense manual questions. Most of them are 
basic theory and you will be able to answer 
from this basic knowledge alone. The more 
specialized questions, their answers and the 
explanations will be clear to you. All this 
means is that regardless of how they ask the 
question on the test, you will be able to an¬ 
swer it because vou understand if and not 

■tf 1 

because vou memorized it. And your chances 

V' A' 

of passing the test will be much greater. 

Second, a knowledge of electronics will 
make your hobby more enjoyable. You will 
understand how your equipment works, you 
will be more likely to fix your own gear when 
it breaks down instead of spending a lot ol 


I. Time constant is the time that it takes a capacitor 
to charge to 63*7% of the applied voltage through the 
accompanying resistor. 



Fig, 1 # Paragraph-sentence completion programmed 
text. 


The time constant T in seconds is equal to the capacity 
multiplied by the resistance (T=RC) f where R is in ohms 
and C is in farads. For example, with the values shown 
in the figure above, the time constant T=RC=M0 : 
(1>TO 4 )—J second. This means that the capacitor will 
charge up to 63.7% of 100 volts, 63.7 volts, in one- 
tenth of a second.. (See graph) If the applied voltage in 
the circuit above was 25 volts, in one tenth of a second 
the capacitor would charge up to ___volts. 


2. (15,925 volts) It takes approximately 5 time con¬ 
stants for the capacitor to charge up to full applied 
voltage. In the example of the previous frame, it would 
take (.1)5= 5 seconds for the 1 /if capacitor to charge 
up to 100 volts. If the resistor value is 4 megohms, the 
capacitor is .05 fit end the applied voltage is 40 volts, 

it would take ___ seconds for the capacitor to 

charge to this value. 


3. (1 second) Time constant also means the time it 
takes a capacitor to discharge to 36.3% of the value it 
was charged io. Etc* 
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1. Another form of the superhetrodyne receiver uses 
double conversion* In this type of receiver the incoming 
signal is converted to an intermediate frequency ond 
then this IF signal h ogam converted to an even lower 
lr value* A block diagram of this kind of receiver is 
shown below. 





The big advantage of double conversion receivers is the 
improved image rejecticn ever conventional superhets 
Also, selectivity con be improved s tree lower second lF J s 
can be used. 

A ^sunning tho ! we are using difference frequency mix¬ 
ers, what 5 tie second IF frequency shown? 

3250 kc* . .go to frame 10 

50 kc. , .go to frame 17 

1600 kc. . .go to frame 26 


10. Your answer, the second IF frequency is 3250 kc, 
is incorrect. The first IF is the difference between the 
oscillator frequency 8 6 me ond the incoming signal 7 
me. 8.6 — 7 — 1,6 me ~ 1600 kc. The second IF is the 
difference between the second local oscillator frequency 
1650 kc and the first IF. You apparently determined the 
sum rather than the difference. While the second mixer 
will generate both the sum and the difference fre¬ 
quencies, we are interested in the difference only. Re¬ 
turn to frame 1 and select the correct answer 


17. Your answer, 50 kc, is correct. The first IF is 8.6 me 
me - 1*6 mc_ 1600 kc* The second IF is 1650 kc 
— I 600 kc — 50 kc* 

The double conversion receiver is tuned like other 
superhets. The tuned circuits of the RF amplifier and 
local oscillator are gauged together and are adjusted 
simultaneously so they I rack Now answer this question 
about double conversion receivers* 

Which of the statements below is correct? 

The second local oscillator is ganged and 
tuned simultaneously with the first local 
oscillator so that it tracks properly 

„ GO TO FRAME 8 

The second local oscillator is usually tuned 
separately* 

, J ( GO TO FRAME 11 

The second local oscillator does not have 
to be tuned. 

GO TO FRAME 13 


26. Your answer, 1600 kc, is incorrect* This is the first 

F ?? r * ve<J b Y takm 9 the difference between the local 
oscillator and the incoming signal in the mixer* 8,6 — 7 
— T.6 me — 1600 kc. Now determine the second IF the 
same way using 1600 kc as the input to the second 

mixer, then return to frame 1 and select the correct 
answer. 


Fig. 2. Another form of programmed text. 

money to have* it fixed, and you may even get 
the urge to build that gadget you want—the 
one (hat’s not made commercially. All these 
! lings are a little hard to appreciate if you’re 
not already knowledgeable in electronics. Once 
you get that way though you will see what l 
mean. I got my general class ticket when I 
was 13 ami I did it like many of you did— 
memorizing the license manual. Oh yes, I un¬ 
derstood Ohm s law and had a fair idea how 
a tube works, but 1 really couldn’t analyze 


circuits, fix my own gear or talk theory very 
well. Nevertheless, I had a good time with 
my commercial gear. But now I have a college 
degree, and I’ve been employed as an elec¬ 
tronic engineer for several years. 1 really know 
theory , and i have learned to appreciate those 
things i mentioned earlier. It’s a satisfying and 
secure feeling to know how my transceiver 
works and that i can probably fix it myself 
if it goes out. I’ve even designed and built 
an exotic electronic kever that I wanted and 

■r 

couldn’t buy. 

Well, assuming that you’re now sold on the 
idea of learning electronics, let’s see how you 
can go about it. ! he first thing that probably 
comes into your mind is to rush in and get 
out your old Handbook and start reading. 
Well, basically there is nothing wrong with 
this, but it is probably the hardest and most 
boring way to do it. I don’t have to tell you 
that reading theory out of a Handbook is not 
like reading a good story in Playboy or a James 
Bond book. After about an hour, if you last 
this long, you will be so bored that you may 
give up and chances are you won’t be able to 
recall what you did read. What you need is a 
brief reading period followed by some practice 
in answering questions or working problems 
to test yourself. The handbook won't give you 
these and you won’t get too far making up 
your own questions or problems. The license 
manuals help some here but they really do 
not have the practice material that you need. 
What you need is a planned and scheduled 
study and learning program. How do we get 
it? Well, if you are really gung-ho and don’t 
mind spending a little money and putting in 
a lit tie fime, I recommend a correspondence 
course. There are several good schools offering 
home study courses in electronics with a com¬ 
munications slant. Many of them are designed 
to help a person get a commercial ffCC li¬ 
cense. Such courses are quite effective. They 
provide a pla ined curriculum and will give 
you plenty of practice problems and tests. 
They will be more than sufficient. The biggest 
problem is their cost and the time it takes to 
complete them. A good course costs somewhere 
in the $100 to $300 range and may take as 
long as a year or two to complete. This is the 
real Cadillac way to go and you certainly 
won’t regret it. Besides, you wall probably end 
up with a commercial FCC license as well as a 
nice diploma. If you’re interested in this ap¬ 
proach, drop a post card to one of the schools 
listed in Table I. 

Another approach to the problem is a night 
school vocational course in electronics. Again 
cost and time are the main factors against it. 

1 here is another way to accomplish your 
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objective. It is a rather new method and you'll 
probably enjoy it. It’s effective, and it is truly 
a do-it-yourself technique. I recommend it 
highly. Have you ever heard of teaching ma¬ 
chines or programmed instruction? These are 
relatively new ways to teach. The material to 
be learned is presented to you either by a ma¬ 
chine or a special book in small, short doses 
and then you are immediately tested on this 
small bit oi information by a question to 
answer or a problem to work. If you work the 
problem correctly, you are given another bit 
of information to read and then another test 
and so on. Fig. 1 and 2 show examples of two 
different types of programmed instruction. In 
the first type, (Fig. 1) you read a short para¬ 
graph containing a fact or two and then you 
are tested by having to complete a statement 
involving the facts by filling in a blank. Each 
block of information is called a frame. In the 
next frame you are given the correct answer 
and then go on to some new material. 

In the other type of programmed instruc¬ 
tion, you are given a frame of information and 
a question or problem to answer. The question 
is usually the multiple choice type. If you 
answer correctly you are sent to a new frame 
ol information, II you choose the wrong an¬ 
swer, you are sent to a special frame that tells 

r are wrong and explains why. It 
then sends you back to the previous frame to 
select the correct answer. Fig. 2 is a typical 
example. As you will discover, this type of 
self instruction is infinitely better than reading 
your Handbook—it’s more effective since you 
take an active part, and you won’t get nearly 
as bored. 

There are a good many of these pro¬ 
grammed books on electronics available todav 
and for a modest amount of cash you can pic k 
up several of these. A list of titles and pub¬ 
lishers is given in t able II. I : you can’t get 
these through your local bookstore, write the 
publisher directly. With some of these books 
and a promise to yourself to set aside an hour 
every night to work on it, you will learn 
electronics in no time and will be quite well 
prepared to study and understand the extra 
class license manual questions. The theory' 
exam will be a snap. 

The exam 

Once you have gotten your code speed up 
and you are really hot on theory (don’t for¬ 
get to leam the FCC rules and regulations) 
run, don’t walk, to your nearest FCC office. 
Take the exam while you are at your peak. 

1 he human mind won’t retain all this unless 
you continually review or use this information, 
so use it while you’ve got it. Once you get 


Table L Home study schools offering training in 
electronics with o communications or FCC license 
preparation slant. 

National Radio Institute 
3939 Wisconsin Avenue 
Washington, D. C. 20016 

National Schools 

400 S. Figueroa Street 

Los Angeles, Calif. 90037 

Grantham School of Electronics 
818 TSth Street, N.W. 

Washington, D. C* 2G006 

Cleveland Institute of Electronics 
1776 East 17th Street 
Cleveland, Ohio 44 114 

RCA Institutes Inc, 

350 West 4th Street 

"A Programmed Course in Basic Electronics"' 

New York, New York 10014 


the extra class ticket you can forget it all and 
go back to enjoying the non-teclmical aspect 
of vour hobby if von want. 

While you are boning up for the extra class 
license, you just might chip in a few bucks 
and buy a study guide for the FCC commer¬ 
cial licenses. (Vour local library probably has 
a copy if you don’t want to buy one.) hese 
make good references and the study material 
on the 1st and 2nd class radiotelephone li¬ 
censes is so close to being the same as that 
for the extra class license, you’ll really be 
surprised. This commercial study guide will 
give you a different slant on the same material 
and will broaden your knowledge. Then when 
you go for the extra class exam, you might as 
well get your commerical license as well even 
though you don’t need it. If you’re going to 
impress your friends with a higher grade li¬ 
cense, you might as well go all the way. 
Happy studying, and good luck! . . . W5TOM 


Table II. Programmed lesson material and books 
on electronics. 

"A Programmed Course in Baste Electricity" 

"A Programmed Course in Basic Transistors" by New 
York Institute of Technology, $6.95 each. Publisher: 
McGraw-Hill Book Company, 330 West 42nd Street, 
New York, New York, 

"Basic Electronics: Autotext," A Programmed Course in 
Circuits by RCA Institutes Inc. 513,00. Publisher: 
Prentice-Hall lnc. # Englewood Cliffs, New Jersey. 

' Basic Electricity Electronics" (5 volumes) $19.95 (soft 
cover). Publisher: Howard W, Sams & Company tnc. f 
4300 West 62nd Street, fndianapofis, Indiana 46206, 

"Applied Electricity" $12.50 
"Introduction to Transistors" $9 50 

"Basic Transistor Circuits" $9.50, Publisher: Dr*ic Sys¬ 
tems Inc,, [Write directly) 880 Third Avenue, New York, 
New York. 

International Educational Services, Inc., Scranton, Penn- 
svlvania 18515. 16 lessons on basic electronic subjects: 
S4.95 each or all 16 for $65. Write direct for informa¬ 
tion. 

"Basic Electronics" Tufor Text, Publisher: Doubleday and 
Company, Inc,, Garden City, New York, 
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Richard Palace K3LCV 
4402 Clearfield Road 
Wheaton, Maryland 


Transistor Analyzer 

Build this analyzer for checks on transistor input resistance , 
voltage feedback ratio , forward current gain and output admittance 


Some of you will probably look at the title 
ol this article and remark, “Here comes an¬ 
other transistor tester, but with a fancy name.” 
Well this is not so, and if you really want to 
learn to design with transistors the profes¬ 
sional way, read on. (iood cheap transistors 
are readily available to the amateur, but lo¬ 
cating their specifications is another story. Ob 
sure, you can look in one of the many parts 
catalogues available and come up with such 
things as current gain, polarity, breakdown 
voltage, plus a few other parameters and use 
these to design a few circuits by the seat of 


your pants. But chances are you don't know 
what you have. Do you know what the input 
and output resistances are, or what the cur¬ 
rent gain and voltage gains are, what is the 
bandpass at the 3 dB points, is the load 
matched to the output stage? Well this instru¬ 
ment won’t tell you all this, but it will give 
you the necessary' data on your bargain base¬ 
ment transistors so that you can calculate with 
good accuracy how it will behave in a circuit. 
This transistor analyzer will give you the “h 
. rid parameters for the common emitter 
connection; these being “h u ” or the input 



Front of the transistor 
analyzer. The left meter 
is for base current. It 
normally reads 0-1 mA, 
but the button below it 
con be pushed for a scale 
of 0-50 uA. The right 
meter is for collector cur¬ 
rent, and voltage between 
base and emitter or col¬ 
lector and emitter. These 
functions are selected by 
the switch between the 
meters. 
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ZN249© 
(SEE TEXTJ 


TRIAD F-40X 
(SEE TEXT ) 


all resistors i n watt 
all pots are linear taper 


1- CRI - CRB - 
IN 2069 
(SEE TEXT) 


165 VAC 
60 CPS 


■ 6 POLE 
I 2 POSITION 
I NON-SHORTING 


2 POLE 

3 POSITION 
NON-SHORTING I 


S3 NC 
(SEE TEXT) 


5O0K 

LINEAR 

Vr£ AOJ 


TRAUFtTTCfl 
UNOEK TEST 


RI3 

100 

(SEE TEXT) 


Fig. 1. Schematic of the transistor analyzer described in the text. It measures the hybrid parameters, 
hiv, hii, hu, and h K , necessary for accurate checks cn transistor capabilities. 


resistance, “h 12 7 * or “h,.,.” the voltage feedback 
ratio, “h sl ” or “h ft ” the forward current gain, 
and “h 21 " or “It,,,,” the output admittance. 
These are the only “h” parameters needed, and 
by plugging these numbers into suitable equa¬ 
tions, circuits can be designed and analyzed. 
More on this later; let’s get to the hardware. 

A look at the schematic diagram will reveal 
two separate power supplies. The power sup¬ 
ply associated with CRI-CRT and the remain¬ 
ing circuitry comprise a field effect voltmeter. 
This is the solid state equivalent of the vac¬ 
uum tube voltmeter and lias an input imped¬ 
ance of about 10 megohms. The high input 
impedance is necessary to avoid loading down 
the test transistor when measuring V BE , the 
voltage from base to emitter. The basic sensi¬ 
tivity of the voltmeter is 1 volt full scale, in 
the \or volts collector to emitter position 
of S 4 , the voltage divider consisting of R 20 and 
R 21 extends the range to 10 volts full scale. 
In the I,., collector current and V BE , volts to 
emitter position of S 4 , full scale is 1 volt. For 
the I,, position the meter scale is calibrated 
0 to .10 milliamperes since we are reading the 
voltage drop across a precision 100-ohm re¬ 
sistor. Potentiometer R s is the voltmeter zero 
and Rj 0 is the calibration pot. 

Power supply 2 serves to furnish the neces¬ 


sary voltages and currents to the transistor 
under test. R J5 is the \ adjust and allows 
placing 0 to 10 volts approximately across the 
collector emitter of the test transistor and R 1<; 
is the base current adjust. Meter Mo is used 
to monitor base current continuously during 
tests. Tins meter, a 50 microampere unit, is 
shunted by R 13 to read a full scale of I mill i- 
ampere. S :; , a normally closed pusli button 
switch, is used to remove Rj 3 from the circuit 
so that a full scale reading of 50 microamperes 
can be obtained. This is a rig help in reading 
small currents. Hindsight tells me that a 100 
microampere unit would be more practical, 
since on some tests it doesn't take much to go 
off scale on a 50 microampere unit. However, 
mine is installed and calibrated and 1 will 
have to be content with it. A value of 100 
ohms was a suitable shunt for my particular 
meter and others will no doubt have to deter¬ 
mine the proper value for theirs. This is not 
hard, and the necessary information for doing 
so is available in any radio handbook. Switch 
S- is the polarity reversing switch and is 
shown schematically in the NPN position. Its 
function is to reverse (lie voltmeter, collector 
voltage supply, and base current supply so 
that both NPN and PNP devices can be 
tested. Q, and Q_. are field effect devices man- 
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Rear view of K3LCV's transistor anatyzer. The cabinet is open and uncrowded for easy construction. 


uiactured by Texas Instruments. They are not 
cheap, and carry a price tag of about $12 
each. If you buy the exact field elfect, the 
voltmeter will work. I cannot say how other 
devices by other manufacturers will work in 
this circuit, but you can try. A little playing 
around on the bench with resistors R-, R 7 and 
R 9 should get the circuit going with just about 
any field effect. If you feel you don’t want to 
experiment with the circuit, then you can 
leave out the circuitrv in the dashed block and 

P 1 

bring points A and B out to test jacks. You 
can then connect any 10 megohm input im¬ 
pedance or better VTVM externally and 
realize a savings in parts and assembly time. 

For construction I mounted all [Tarts on a 
7" x 12" x 3” chassis with meters and controls 
laid out as symmetrically as possible. Wiring 
is in no way critical as the voltages and cur¬ 
rents are quite small. On my unit, two rather 
crude homemade printed circuit boards hold 
most of the small parts. For diodes CR1 
through CR8 just about any cheap diode will 
do. Something around 100 PIV at about 50 
milliamperes would be satisfactory, so check 
your junk box. is just a little special in that 
it has to undergo a little surgery to serve our 
purpose. Basically T t is a 24-volt center 
tapped filament transformer in which we will 
split the center tap and end up with two 12- 
volt w indings. On the side that the three wires 
ol lhe secondary come out, slit the outside 


protective paper vertically and peel both 
halves out of the way. The center tap con¬ 
nection is made up of two wires twisted to¬ 
gether and spot welded to the single wire. 
Untwist these wires and solder leads to both 
of them. Slip some small tubing over the ex¬ 
posed joint, and glue the protective paper 
back in place with epoxy or what have you. 
I >o this properly and all that will show is a 
thin scar line. 

Calibration involves only the voltmetei and 
takes but a few minutes. Open the circuit at 
points A and B and connect a 10 megohm 
resistor between these points. Turn power on 
and zero the meter. Connect a 1-volt source 
across the 10 megohm resistor w ith plus at A 
and minus at B. Adjust R 10 for a full scale 
reading on meter Mj. That’s it; with the parts 
specified the voltmeter will read properly'. If 
other field effects are used, first get the volt¬ 
meter working properly on the bench; then 
install and calibrate it. 

Now that our analyzer is working properly, 
let’s use it. If you built it as a Beta tester, it 
will give you two valuable pieces of informa¬ 
tion. It will give Beta, which everyone likes 
to know, and also the voltage needed on the 
base of the transistor to get a specified amount 
of collector current to flow. As an example, 
let’s see what kind oi data we can get from 
a transistor. Turn (lie analyzer on and set [ a and 
V ce to minimum. Set the polarity switch to 
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N PN or PMi depending on the transistor be¬ 
ing tested. Set the function switch S 4 to V ce 
position and advance the \adjust pot for 
5 volts. Set function switch to I c and advance 

AI C 


I B adjust for 1 mA of current. Beta is 


A 1 


V. 


u 


which means: A small change in collector 
current (J e ) divided by a small change in base 
current (i R ) with the voltage on the collector 
held constant. Therefore, read base current 
for ]. mA and write it down. Now advance I B 
adjust for 2 mA of collector current and again 
read the base current. Subtract the first base 
current reading from the second and divide 
the result into the change in collector current, 
which was I mA. This then is the Beta at 
about 1.5 mA. Always use the same terms 
when dividing; i.e., milliamperes into milli- 
amperes, microamperes into microamperes, 
etc. Back off now on the I B ; adjust pot til! T r . 
reads 1.5 mA. Switch to the V Be position and 
read tills voltage. You now know what voltage 
and current to apply to the base of your tran¬ 
sistor to get 1.5 mA to flow. The above opera¬ 
tions can be performed at various voltages 
and currents within the range of the instru¬ 
ment and are quite easy to do after a few 
practice tries. 

The other 3 “h” parameters are h oe or h-> 2 , 

A I, 


the output admittance which is 


A V 


AV l . 


1?, I h 


ie 


or !i n the input resistance, 


j: 


A I 


V„ , and h n 


B 


A V 


a 




or h li; the voltage feedback ratio 



A V c 

Calculate these the same as for Beta and re¬ 
member to use volts and amperes in your di¬ 
vision. Some representative values are h ft . = 
66; h^j = 2 X 10~ 5 mhos; h ie = 2000 ohms; 
and h re = 1.2 X 10" 3 . 

If you have gone this far with me, let me 
explain that space does not permit me to give 
the equations needed to take advantage of 
this instrument. But let me hasten to recom¬ 
mend to you a fine book for those of you who 
want to know more. High school alegbra is 
all the math needed to understand this book. 
It is called: Transistor Physics and Circuits, 
by Robert L. Kiddle and Marlin P. Ristenblatt 
and is published by Prentice-Hall. The authors 
do a good job taking you in nice easy steps 
from fundamentals through to actual circuit 
design. 

Well, that’s it; and i hope you can get as 
much out of this instrument as I have. 

. . . K3LCV 



MASTER MOBILE'S NEW 


FOLD-OVER ANTENNA & COILS 



COIL AND 
WHIP 






Vi 


10 - 15 - 20 - 40-80 
METERS 

New 36" and 48” Stainless Steel 
Laydown Extension used in con- 
junction with miniaturized coils, 
capable of handling 500 Watts 
AM. Adjustable one-piece whip 
and coil moves in and out of resonant 
frequency. Coils are 2^4^ in dia., lengths 
range from 2" to 7" depending on de¬ 
sired band operation. Antenna coils de 
signed specifically to handle high power 
mobile operation while utilizing the 
small streamlined antenna design nor¬ 
mally desired for low powered mobiles. 
Extension lays over at 18". Extension, 
coil and whip maximum height 82". 
Constructed of stainless steel with brass 
fittings, corrosion resistant, weather¬ 
proof. Slim locking sleeve holds a rigid 
vertical position, extremely convenient 
in clearing garage doors, car ports 
and low overhangs. Extension terminates 
in a 3 /s"-24 stud at both ends for 
additional uses. 



Ahf#nn& irt 
•nakmir'a poihinn 



BANDWIDTH RESONANT FREQUENCY 

10 Meters — Approx. 100 to 120 KC 

15 Meters — Approx. 100 to 120 KC 

20 Meters — Approx. 80 to 100 KC 

40 Meters — Approx. 40 to 50 KC 

75 Meters — Approx. 25 to 30 KC 


POWER RATING: AM-dc input, 250 Watts - SSB-dc input 500 Watts 


AM-29 36" Stain. Steel Laydown Ext. 

Breaks at 18" (Fender or Deck Mt.) . $11.95 

AM-35 48" Stain. Steel Laydown Ext. 

Break at 36" {For Bumper Mt.) . 14.25 

AM-30 80 Meter Coil & Whip. 9.95 

AM-31 40 Meter Coif & Whip . 8.95 

AM-32 20 Meter Coil & Whip ... 7.95 

AM-33 15 Meter Coil & Whip . 6.95 

AM-34 10 Meter Coil & Whip . 5.95 

DEPT. 73 AREA CODE 213, 731-2551 



WHITEHALL 


4125 W. JEFFERSON BOULEVARD 


LOS ANGELES. CALIFORNIA 90016 
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Build this very high impedance (22 M) voltmeter 
at low cost with Siliconix field effect transistors. 


Richard Palace K3LCU 
4402 Clearfield Road 
Wheaton, Maryland 


Here is a handy piece of test equipment for 
the ham shack. It features low power drain, 
instant warm-up, portability, and an extremely 
high input impedance. All tins is accomplished 
by using field effect transistors which behave 
like screen grid vacuum tubes, but without 


the heater and high plate voltages normally- 
associated with tubes. 

This voltmeter will measure from .5 to 1000 
volts with an input impedance of 22 megohms 
as compared to most commercial voltmeters 
which have input impedances of about 11 


ZM IV. 
IN PROBE 


RED 


I POLE 
e position 



9 VOLTS 


SLACK 


Fig. 1. Simple-to-build high impedance voltmeter using field effect transistors (FET's). Input impedance 
is 22 megohms. You con build the circuit on an etched circuit board using the plan in Fig. 2, or buy o 
low leakage, fiber glass board from the Harris Company, 56 E. Main St., Torrington, Connecticut, for 
only $2. Although these FET's are drawn as N-Chonnel devices the U-1 I 2 is a P-Channel field effect 
and the gate arrow should point in the other direction. 
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Voltmeter 



Inside ot the PtT voltmeter showing me eicneu circuit ooaru mou.xcu on 
the meter terminals. The ceramic switches are recommended for low leak¬ 
age since the input impedance is 22,000,000 ohms. 


megohms. All this ol course means that the 
FET voltmeter gives a truer reading because 
it loads die circuit under test less. 

The circuit works as follows. FET Q2 is 
referenced to common or floating ground by 
HI5. When the muter is zeroed by HI2, the 
voltage drops across Rid and HI4 are equal 
so no meter current flows. Effectively then, 
the gate ol Q1 is also at ground, but biased 
at tire correct operating point with respect to 
its source. Any signal introduced onto the gate 
of Q1 will change the operating point with 
respect to Q2 and tire voltage drop will 
change across R10. Since a voltage difference 
now occurs across the meter a current propor¬ 
tional to the applied voltage will flow. Full 
scale deflection of the meter occurs with .5 
volts input. The voltage divider string, HI 
through R8 plus the 2 M, in the probe, is used 
so that full scale deflection occurs at several 
different voltages. Hi I is the calibrate pot and 
serves to adjust the meter so that with .5 volts 
on tire gate of QI the meter reads full scale. 
R1.3, although not needed on my unit, may 
be required with other FET’s. It is used to set 
the linearity of the voltmeter so that .5 volts 
occurs at full scale and .25 volts at exactly 
half scale. R13’s function is to slide the oper¬ 
ating point up or down the FET’s character¬ 
istic curve to utilize the most linear portion. 
Try’ a 10 k pot at R13 if y ou have difficulty 
finding a linear portion of the curve. When a 


linear scale is achieved measure the resistance 
required ami permanently wire that value into 
the circuit. Interchanging Ol and Q2 may 
help if they are not matched too closely. The 
meter M I can be of any sensitivity from 50 gA 
to 200 uA. But bear in mind that the final 
accuracy of your voltmeter depends on the 
use of precision resistors in the voltage divider 
and also in the basic accuracy of the meter 
used. Buy the best meter that you can afford, 
I would also recommend using ceramic 
sw itches for SI and S2 to keep leakage paths 
to a minimum. All other resistors in the cir¬ 
cuit may be half watt 5% carbon. 

I won’t go too deeply into construction as 
the photos are self explanatory'. Use good con¬ 
struction techniques and if you use a printed 
board as I have—do hv all means clean the 
board of excess resin after all the parts have 
been mounted. The resin comes off quite 
easily with alcohol {not the chinking type), 
and besides looking professional, it eliminates 
a source of leakage on y our board. 

A matched pair of Siliconix U-112 field 
effect transistors is available from Siliconix, 
Inc., 1140 West Evelyn Avenue, Sunnyvale, 
California 94086 for only $6.00. This is a 
tremendous bargain for these excellent FET’s 
that normally sell for $16.30 in matched pairs. 

.Viter vou’ve tried this FET voltmeter, vou’ll 
# * 

never want to use a vacuum tube voltmeter 

again. . . . K3LCU 
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BODY OF Rll MOUNTED ON FOIL SIDE 

LETTERS IN CIRCLES CORRESPOND TO POINTS 
ON SCHEMATIC 


Fig. 2. Full size layout of the etched circuit board for the FET voltmeter. Notice that this view is of the 
component side of the board, so if you make your own board, you'll want a mirror image of it for the 
copper pattern. Glass board is recommended for low leakage. 



"Beamed-Power” ANTENNAS,"BALUNS’ 
I. V. KITS and ROTATOR SYSTEMS 


Most Technically-Perfected, Finest Communication 
Arrays in the World! Precision-Tuned-Matched 
and '‘Baiun” Fed for ‘‘Balanced-Pattern” to assure 
“TO P- MAN-0 N-T H E-F R EQU ENCY” Resul ts 


You, too—can enjoy World renown TELREX 
performance and value! Send for PL66 tech 
data and pricing Catalog, describing the 
World’s most popular communication anten¬ 
nas, rotator-selsyn-indicator systems and ac¬ 
cessories ! Expanded data sheets, including 
your favorite band, also available. 


- with a MATERIAL DIFFERENCE! 


COMMUNICATION SYSTEM: 


Use, is one of the most dependable 
testimonials of endorsement, and Telrex 
products are in use in 135 Lands 



LABORATORIES 


ASBURY PARK, NEW JERSEY 07712, U. S, A 
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A Field-Effect Transistor Offer for Experimenters Only. 


WIIAT S A EFT9 * rue semiconductor equivalent of a pentode tube! The FET 

IV lift I lU ft IL I ■ has a high input impedance; only an input voltage is needed to 
control output. With FETs you have zero warm-up time and long life {no filaments), low power con¬ 
sumption, and the usual reliability improvement of the transistor over the tube. 



tins highly sensitive FET 


entire circuit mounted on 
the meter terminals. 








More applications... wherever you used tubes in low level circuits: Field 
strength meters, “gate-dippers," receivers, flea powei transmitters, and 
on and on. 


APPLICATIONS: 


Silicomx assumes no responsibility for circuits shown, nor does it represent or warrant that they do not infringe any patents. 




WART TO EXPERIMENT? 


Take any tube circuit handbook, pick the circuit you 
want, then design it with FETs. To make it easier, we 
offer three experimental FET packages, each with an assortment of applications data. The two 
FETs described below are available separately; package #3 contains both FETs at a special 
combination price. 


FET Parameter 

loss 

v P 

BV C os 

gfs (Min.) 

Approximate Tube 
Equivalent 

Zero Bias 

Plate Current 

Grid Cutoff 
Voltage 

Max. Plate 
Voltage 

Minimum 

Transconductance 

U110 

0.1-1.0 ma 

1-6 V 

20 V 

110 ^mho 

(1112 

0.9-9.0 ma 

1 1-6 V 

20 V 

1000 Atmho 


Get your FETs now ... clip this coupon, 
send with check or money order, and 
be the first in your block to fool with 
FETs! 


ilicamx 

incorporated 

1140 West Evelyn Ave, * Sunnyvale, Calif. 94086 



To: Bill Ship? K6RLM 

$1LICDNIX INCORPORATED. 1140 West Evelyn Ave. T Sunnyvale, Calif. 94086 

Enclosed is □ $1 for one U1I0 FET and data 

□ *2 for one U112 FET and data 

□ *2.75 for both FETs and data 
(Calif, residents add 4c, 8c, or lie sales tax) 


i 

I 

| Name 
I Address 

I 


Call 


City 


State 


Zip 


This is a limited offer, for experimenters only, one order to a customer. Offer dose September 30, 1966 
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Bernard Ring, K3VNR 
6619 Powhatan Sheet 
Riverdole, Md, 20840 


An FET Audio Compressor 


Build this simple compressor for higher average modulation 
from your transmitter. It uses two inexpensive field 
effect transistors for high input impedance. 


Presented here is an audio compressor cir¬ 
cuit which makes use of two field effect 
transistors in conjunction with two convention¬ 
al (bipolar) type transistors. Simplified cir¬ 
cuitry has been employed in order to keep 
costs at a minimum, but without sacrificing 
Ihe necessary requirements for good speech 
Compression, 

This compressor has a compression range 
greater than 20 dB, and is capable of handling 
up to 300 mV input before distortion occurs 
due to overload. After exceeding the compress¬ 
ion threshold, an output change of less than 
1 dB will take place for each 6 dB change in 
input. The high (2.2 megohm) input imped¬ 
ance allows the use of either crystal, ceramic, 
or high impedance dynamic microphones with¬ 
out the use of additional transformers. 

A brief review of compressor circuits 

Since this is primarily a construction article 
and not a treatise on audio compressors no 
attempt will be made here to analyze the 
numerous compressor circuits now available 
and in popular use. However, a brief review 
of compressor circuits in general may be of 
some help in understanding why some com¬ 
pressors work better than others. It may also 
explain why judicious substitution of compo¬ 
nents will sometimes improve the circuit, but 
indiscriminate substitution often results in the 
compressor being relegated to the junk box. 

Audio compressor circuits, whether vacuum 

Bernard, former W2GB.K and W2HPO, has 
been licensed since 1933. lie’s a research 
analyst with the Department of Defense in 
Washington. 


tube or transistor, make use of a dc control 
voltage, (either positive or negative) to control 
either the amplifier gain, or to attenuate the 
input or output signal of the amplifier by 
applying the voltage to a control element. 

Transistorized compressor circuits can usu¬ 
ally be classified into two types. Each type can 
further be classified into several methods. 

In one type (lie control voltage varies the 
forward transfer characteristics of the con¬ 
trolled stage by either reducing the emitter 
current, or by reducing the collector voltage. 
While these two methods require only simple 
circuitry, and only a few components, they are 
subject to some serious disadvantages. For 
instance, large input signals will result in 
distortion because the transistor is driven into 
a non-linear portion of its characteristic curve 
in an effort to reduce stage gain. 

In the second type the circuitry is usually 
a little more complex, but the results are also 
usually more rewarding. Here again, any one 
of several methods may be used. 

In this type of compressor the dynamic 
resistance of a diode or a transistor is varied 
by the control voltage and made to act as a 
variable resistor. The voltage-variable resis¬ 
tor may be placed across the amplifier input 
circuit to shunt a portion of the input signal 
to ground, or it may be placed across the out¬ 
put circuit to shunt the output voltage to 
ground. The voltage-variable resistance ele¬ 
ment may also be connected either in series 
or parallel with other circuit components 
carrying signal voltages to either attenuate 
the signal, or to 'switch’ the component in 
or out of the circuit to reduce the stage gain. 

Since in this type of compressor the variable- 
resistance clement is usually isolated from the 
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Fig. 1. Schematic of the FET compressor. There should be a dot indicating a connection at the cross¬ 


over between R8 and SWI-C. 


de circuits, the Operating voltages and cur¬ 
rents are not effected by the application of 
the control voltage. However, there is a pos- 
sibilitv that with some methods noise produced 
by the control element may be introduced into 
the signal path. 

Of great importance to the proper operation 
of am compressor is llie time constant circuit 
of the control voltage loop. Not only does this 
circuit determine the attack and release times 
of the controlled stage, but it must also filter 
the rectified ae voltage so that the control 
voltage will be reasonably free from ripple. 

The attack and release times ol some com¬ 
pressors may differ by as much as several hun¬ 
dred percent from die ideal. The ideal attack 
time should be about 1 msec or faster to pre¬ 
vent overshoot on steep wave front signals. In 
some circuits such a fast attack time could 
cause transient “thump due to the inability of 
the amplifier to follow rapid changes in cur¬ 
rent or voltage. 

Release times are usually made longer than 
the ideal time of 10 msec. If the release time 
is too fast the amplifier will recover before the 
lower audio frequencies have been filtered Out. 
Oi i 1 1 ie other hand, if the release time is too 
slow a weak syllable following a strong one 
will be compressed just as much as the strong 
one. 

The compression range will depend cm the 
circuit used and may vary from only a few 
dB to as much as 60 dB. The choice of com¬ 
pression range will depend upon the applica¬ 
tion of the compressor. A small amount of 
compression will limit audio peaks but will 
add little to the improvement in “talk power.” 
Too much compression on the other hand will 
make the signal sound harsh. For speech com¬ 


pression a range of about 15 to 21 dB lias 
been found to give the best results. 

At this time perhaps one of the more popu¬ 
lar misconceptions about audio compressors 
should be clarified. There seems to exist among 
many people the idea that the audio compres¬ 
sor will increase the peak power output of a 
transmitter. This is not quite true. Compression 
will improve the peak power output only if 
the low level audio stages of the transmitter 
have freon deficient, or the microphone output 
level had been too low to supply sufficient 
audio to the transmitter, and then onlv be- 

*r 

cause most compressors, also act as audio pi 
amplifiers. The primary purpose of the com¬ 
pressor however, is to improve the average 
power, or "talk [rower of tire transmitter by 
providing additional amplification to soft 
spoken syllables, and by redw ing the amplifi¬ 
cation of loud syllables so that peak power 



The FET compressor in use at K3VNR's shack. 
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output is attained over a greater percentage of 
the time. I his higher average output will show 
up in SSB in on-the-air reports that the re¬ 
ceiver S-meter appears to “hang” close to the 
peak with only a slight variation between syl- 
ahles. It will also show up on the transmitter 
plate current as a higher average reading. 

Circuit description 

I he heart of the audio compressor described 
here consists of a pair of field effect transistors, 
the Siliconix U-110, and U-112, which were 
recently made available for the price of S2.75, 
Replacing these FET’s with bipolar transistors 
would require sophisticated circuitry to per¬ 
form the same functions, and at a considerably 
greater cost. By using the 1-112 as the con¬ 
trolled amplifier stage it was possible to 
achieve a high impedance input, (2.2 meg¬ 
ohms) without the use of an input transformer 
or an additional emitter follower stage. The 
l -110 in this case functions as the voltage- 
variable resistor to control the amplifier stage 
gain through the application of negative feed¬ 
back to the source of the controlled stage. In 
addition to the 20 dB of compression previ- 
ouxk mentioned, the result is a low noise, low 
distortion preamplifier with high gain. 

No noise measurements were made, but 
scores of on-the-air tests proved to be very 
gratifying in this area. Also, although no ex¬ 
tensive distortion measurements were con¬ 
ducted, cyclogram tests indicated negligible 
distortion. 

I he signal after being amplified by Ql is 
further amplified by Q2, a 2X2613. This is a 
low noise transistor especially suitable for pre¬ 
amplifier circuits. The forward bias resistor R4 
of this stage is connected between the base 
and collector in order to reduce the number 
of circuit components and still achieve some 
measure of stability. 



This photo shows the small size of the compressor 
board (1 Vz" x 2 1 /2"). The RF filter mentioned in 
the text is mounted at the left. 


After amplification by Q2 the audio signal 
to the transmitter is taken oft tlirough the level 
control R12. Since even after compression the 
output voltage will still show a gain of 6 to 9 
dB the level control is used to reduce the out¬ 
put to a suitable level for the transmitter. 

A portion of the signal from Q2 is also am¬ 
plified by Q3 to a higher level which is then 
rectified by D1 and D2 to become the dc con¬ 
trol voltage. No attempt should be made to 
take the audio signal from the output of Q3 
since the signal at this point is in the form of 
a square wave and will sound highly distorted. 

Notice that the forw ard bias resistor for this 
stage, like that of Q2. is also connected from 
collector to base. This means that a small 
amount of ac voltage will be fed back from the 
collector to the base and will also appear at 
R6. R6 will isolate this small amount of feed¬ 
back so that it will not appear at the audio 
output as distortion. If the audio output is 
viewed on an oscilloscope, this distortion, ii 
present, will appear as a bright spot at the 
baseline cross-over in mild cases, and in severe 
eases the baseline will actually show, increas¬ 
ing the value of R6 will prevent this type of 
distortion but will also lower the available ac 
voltage at the base of Q3. 

The output from Q3 is rectified by D1 and 
1)2 and the resultant dc voltage is filtered by 
C7. This dc voltage is the control voltage 
which varies the drain-source resistance of Q4. 
Besides acting as the dc filter, C7 in com hi na¬ 
tion with RIO sets the time constant of the 
control loop. 

When a positive potential is applied to the 
gate of Q4 the drain-source resistance is in¬ 
creased, effectively switching off C2 which is 
the source bypass capacitor of Ql. When R2, 
the source resistor, is unbvpas'sed an ac voltage 
drop is developed across the resistor and the 
gain of Ql is reduced. With R2 in an unby¬ 
passed state negative feedback occurs and the 
percentage of harmonic distortion is reduced 
by an amount which is almost equal to the 
amount of compression. 

When the amplifier gain is reduced the con¬ 
trol voltage is also reduced and ( 7 discharges 
through RIO. The bypass capacitor C2 is now 
“switched” bac k into the circuit and the ampli¬ 
fier recovers. Recovery time is determined bv 

• * 

C7, RIO which has a time constant of approxi¬ 
mately 82 msec. 

In realitv C2 is not switched in and out of 

■m 

the circuit by Q4 since Q4 has an irreducible 
amount of internal resistance between the 
source and the drain. However, since a sw itch 
is characterized bv low resistance when it is 
closed, and high resistance when it is open, 
then for all practical purposes Q4 with its rise 
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manufacturer of amateur mobile power supplies 
announces new price reductions on models! 
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We are pleased to announce that high volume production of Century mobile power 
supplies at our new modern plant in Watsonville, California, enables us to offer these 
famous units at the lowest prices in history. Here is an opportunity to own a quality 
commercially-built mobile power supply at savings from $15.00 to over $25.00, 
depending upon the model. These new prices apply to all 1 2-volt Century models 
and are effective immediately. 
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MODEL 


OUTPUTS 


APPLICATION 


. --- ^--vwl.lvr 



OLD PRICE NEW PRICE 


350-12 


800 VdC 
275 325 Vdc 
Adj. Bias 




Most 12-volt 
mobile transceivers 


$114.50 


$ 99.50 




. yv------ .- 



wM 



400-12 






850/750/650 Vdc 
250, 285. 325 Vdc 
Adj. Bias 
Oto -125 Vdc 


All 12-volt 
mobile transceivers 




:■ g ® 


■ •' Sw* '' 


500-12 




1150 Vdc I-or higher powered $165.00 

285/325 Vdc operation of many 

Adj. Bias 12-volt mobile 

J ■ : 

, p* Id I j 

IB iTrilf 




$ 149.50 
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Oto —125 Vdc transceivers 

-, i—i-■-■— 1 1 ™ 

2200 Vdc Mobile 12-volt 

285 325 Vdc Linear Amplifier 

Adj. Bias 
0 to -125 Vdc 







$275.00 


$ 249.50 
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1000-12 
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Input and output cables su 
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220 AIRPORT BLVD., WATSONVILLE, CALIFORNIA 95076 



































































































































































This oscillogram was made by driving the amplifier 
to overload distortion, then switching in compres¬ 
sion. Note the lock of distortion when compression 
is applied to the signal. What appears to be phase 
shift is o result of the method used to get this 
photo and is not caused by the compressor. 

and fall in drain-source resistance is switching 
C2 on and off. 

One of the advantages of this circuit is, that 
because Q4 is capacitor-coupled to the source 
of Q1 there is no change in bias current and 
therefore no distortion due lo driving Q1 into 
the nonlinear region. Another advantage is that 
the sudden application of control voltage will 
not cause an objectionable transient thump. 

i ie circuit does have a minor fault, but one 
which will have no effect on normal opera¬ 
tions. As the input voltage is increased the 
control voltage will approach pinchoff, and 
“remoting” will take place .'I fiis is because Q4 
will be operating in Hie “remote” region of the 
characteristic curve. In this region, as the posi¬ 
tive potential to the gate is increased there will 
be no increase in the compression range since 
the FE i does not follow square law behavior 
at low drain currents and there is no sharp cut¬ 
off. This, incidentally, may illustrate the differ¬ 
ence between “pinchoff” as applied to the 
FET, and “cutoff” as applied to a triode vac¬ 
uum tube v hen the grid bias is increased This 
small fault should cause no trouble when the 
compressor is used with a microphone input 
since the voltage developed by the micro¬ 
phone will never reach a level where “remot- 
ing” can take place, and is only mentioned 
here as a point of interest. 

Construction And Testing 

No difficulties should be encountered in con¬ 
structing this unit. With the exception of the 
switch and output level control, all compo¬ 
nents, including an RF filter not shown in the 
circuit diagram, were mounted on a piece of 
perf-boaid measuring U4 x 2‘a inches. An R F 
filter was included in the final construction as 


an added precaution against stray HE being 
picked up and rectified, but 11 its filter may not 
hi 1 iict-pssarv in all cases. 

m 

Wherever possible the components were 
mounted in a vertical position in order to con¬ 
serve space. With double-ended components, 
such as resistors, and some capacitors, the tech¬ 
nique is to bend one lead back towards tire 
body of the component so that both leads will 
face in the same direction, thus forming a 
single-ended component. The two leads are 
then placed in adjacent holes in the perf-board. 

Although the unit is compact enough to be 
mounted in a small Minibox, one measuring 
-4 x 5 x 6 inches was used. This large size 
Minibox allows the contr ols to be mounted con¬ 
veniently on the front panel without crowding, 
and also allows the use of a larger sized bat¬ 
tery. Instead of chassis type of connectors, 
cable type connectors attached to short pieces 
of shielded mike cable were used, i’his elimi¬ 
nates the use iif a patch cord between the com¬ 
pressor and the transmitter, and permits easy 
changes to be made in the future in the event 
that a new transmitter might use a different 
type of mike connector. 

1 he test procedure is quite simple. A 
YTVM, and oscilloscope (if available) is con¬ 
nected to the output. A 400 Hz audio signal 
is fed to the input. If a signal generator is not 
available a microphone picking up a beat note 
from a receiver will suffice. 

The compressor switch is turned to position 
three and the audio input level is adjusted to 
give an output reading of 100 mV with the 
output level control tinned full up. With the 
switch in this position no compression is being 
applied to the signal. Note the waveform and 
amplitude of the signal on the oscilloscope; the 
display should show a pure sine wave. 

Without further adjustment of the input sig¬ 
nal. turn the compressor switch to position two. 
With the switch in this position compression is 
now being applied to I lie signal. The output 
reading should drop to 18 mV 'or 15 dB of 
compression. 1’hc oscilloscope display should 
also indicate this drop in output, and wave¬ 
form should remain a pure sine wave but low'er 
in amplitude. 

Switch the compressor back to position three 
and increase the input signal so that the out¬ 
put now reads 200 mAh This is an increase of 
6 dB in output which also roughly corresponds 
to a 6 dB increase in input since at these signal 
levels the amplifier gain is quite linear. Again 
note the oscilloscope display. 

Without changing the input signal switch 
the compressor to position two to apply com¬ 
pression. The output reading should now be 
about 20 mV indicating 20 dB of compression. 
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Except for a lower amplitude the oscilloscope 
pattern should remain the same. Note that 
although the input signal had been increased 
by about 6 db with no compression, under 
compression tiie output signal change was 
about 1 dB. 

This completes the testing, but an interest¬ 
ing little experiment can be conducted here by 
carrying these tests to the point where “re- 
moting’ takes place. It is also interesting to see 
that when the input is increased to a point 
where overload distortion takes place with no 
compression, by switching in compression the 
overload distortion will disappear. This is be¬ 
cause negative feedback is now applied and a 
new input level is set for overload distortion. 

Operation 

Because there is only one control to adjust, 
the output level control, operation is virtually 
self-explanatory. 

With the compression switch in position one, 
speak into the mike and adjust the transmitter 
audio gain control for proper operation. Since 
the mike is feeding straight through to tlie 
transmitter the audio gain control should be 
at the usual setting. 

Turn down the compressor output level con¬ 
trol and turn the switch to position two. Speak 
into the mike and slowly turn up the output 
control. Proper setting for this control will be 
indicated on the transmitter when full modula¬ 
tion is reached. If VOX is used, and if it had 
been marginal before, back off a little on the 
transmitter audio gain control as the compres¬ 
sor output level control is advanced. A few 
minutes of adjusting should show the proper 
settings for the audio gain control and VOX 
controls of the transmit er, and the output 
level control of audio compressor. 

Note that when the compressor is first turned 
on an initial transient surge will render the 


compressor momentarily inoperative, hut the 
amplifier will recover rapidly. Also note that 
position three of SW! is not used during op¬ 
eration. 

Conclusion 

Although a 9 volt battery supply was used 
iti the design of this compressor, voltages rang¬ 
ing from 6 to 12 volts have been used success¬ 
fully, An ae pack could be used providing it 
is well filtered. 1 he power source could also 
come from the transmitter filament transformer 
by using a pair of diodes in a voltage doubler 
circuit, and a proper filter. Bear in mind 
though, that any additional leads brought into 
the Minibox could introduce ac hum, and stray 
RF pickup. 

If compressor is to be operated directly from 
a 12 volt car battery in a mobile installation, 
all 12 volt capacitors should be changed to 15 
volt units. Also observe proper ground polarity; 
since the circuit as shown in the diagram has 
a positive ground. 

Only the U-110, and U-112 FET’s were 
tried in this circuit. Undoubtedly with minor 
component changes other FET s will work just 
as well. In any case Q4 should have a low 
pinchoff. 

The diodes Dl, D2 have been specified as 
l N274's, but other diodes, including the “dol¬ 
lar a dozen” variety, were tried with satisfac- 
tory results. 

Resistor R9 sets the compression threshold. 
A higher resistance will lower the threshold. 
Replacing R9 with a combination fixed and 
variable resistor will allow the threshold to be 
adjusted. 

Several other refinements, such as a meter 
to read compression, could be made, but the 
additional cost would defeat one of the pri¬ 
mary aims, a low cost audio compressor. 

. . . K3VNR 



ALLTRONICS HOWARD MODEL L RTTY CONVERTER 

Telewriter Made! “L” frequency shift converter designed 
for two-tone AM or FM with limiter operation available 
by switch, Solid state ratio corrector compensates for fad¬ 
ing signals. Permits copying on Mark or Space only. Selec¬ 
tor magnet dc loop supply built-in with bias supply and 
octal socket for optional polar relay to key transmitter. 
6W£ keyer tube. Plug-in discriminator for 850 cycle or 
other shLfts, Cathode ray or dual eye indicator. Auto-start 
control system optional. Prices for rack mounting: 

Model 'l ,f with dual eye Si99. Model “L" with C. R. tube 
indicator 5279, Cabinet 519,50 

ALLTRONICS— HOWARD CO. 

Bos 19, Boston, Maas, 02101. Tel. 017-742-0048 


learn radio code 



* 9.95 


THE EASY WAV! 

* No Books To Read 

* No Visual Gimmicks 
To Distract You 

* Just Listen And Learn 

Based on modern psychological 
techniques—This course will take 
you beyond 13 In 

LESS THAN HALF THE TIME! 


Album contains thrt® 12" Also available on magnetic tap®, 
LP T $ 2 l /% hr, instruction See your dealer now! 


EPSILON SO RECORDS 


206 East Front Street, Florence, Colorado 
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Band Trap-Master beam {1 KW AM/CW 
and 2 KW P.E.P. SSB) featuring a NEW 
Mosley matching system, Broad Band 
Matching with coax fed balanced ele¬ 
ment for even more antenna efficiency 
and additional gain! 


This f Classic’ New addition to the Trap- ' 
Master family of beams, incorporating the 
All-Metal encased traps mode famous by 
the original and still extremely popular 
TA-33 beam, brings you: (I) A front-to- 
back of 20 db. or belter on 15 and 20; 

15 db. on 70 meters. (2) A gain of 8 db. 
over reference dipole or 10.1 compared ' 
to isotropic source. (3) A longer boom 
for even wider element spacing. (4) A 
SWR of 7.5 7 or better. (5) Priced to fit 
your budget. 

#95b 


FOR MORE INFORMATION WRITE: 



46 to N. LI ND BERGH B LV D.. E JR IDG ETON MO. 63042. 



Tool Holder 

This little gadget is very useful for holding 
those small tools for alignment, pencils, solder¬ 
ing aids, etc. The tray holds small items tem¬ 
porarily removed from equipment. You can 
see from the photo that the construction re¬ 
quires only an orange can and the lid from 
a coffee can. A coat of paint improves the 
appearance. 

. . . Lou Bueke W3UGR 


Simple Transistor Tester 

I (ere is a simple transistor tester designed 
to check the leakage and gain of any low or 
medium power NPN or PNP transistor. The 
circuit is shown in Fig. 1. It can easily be 
built from junk box or surplus parts at low 
cost. A common multitester is used for the 
meter. 



To check transistors for Leo (leakage), set 
switch S» to leo and S, to PNP or NPN de¬ 
pending on the type of transistor. Insert the 
transistor in the socket, being careful not to 
short the leads. If the meter reads over 250 aa 
for transistors other than power transistors, 
the transistor is defective. Low power transis¬ 
tors should have very little leakage. 1-5 aa. 
Medium power ones have more, up to 10 na. 

II you don’t know whether the transistor 
is PM’ or X W use the lower setting as you 
switch from NPN to PNP. To check for gain, 
push S L . to Gain. The meter reading should be 
20 to 40 times the value of Ico as read before. 

. . . Ralph Sergo K2PYE 
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DX'ers . . . For a commanding mobile signal, Mosley an¬ 
nounces the New mobile Lancer 1000 rated for 1 KW AM and 
*2 KW P.E.P. SSB input to the final on 10, 15, 20, 40, 75/80 

meters! : his reasonably priced New mobile antenna offers 
you these outstanding features: 

n ! - i jEt 


Interchangeable coils, performance-tested to take constant KW use, 
(10 meters does not require o coil.) 


. / . . . 


A reduction of corona effect due to a Mosley innovated Corona 
Ring located at antenna tip* 


•sr 


- 

Antenna peaking to desired band frequency with adjustment in 
whip section. 





Capacity eou 




top whip section for maximum efficiency. 

Mr/ Jiff. ^ IrSr ■ Wm '/.•■// ’/. •- » : i= * 

'• ■>* 

Effective matching through Direct Coupling on 10, 15, 20 meters; 
capacity matching on 40 and 75/80 meters* 
















All these features mean a challenging 2 KW P.E,P, mobile 
signal - - the kind of signal you expect from Top Quality 

Mosley antennas! F0R COMPLETE INFORMATION WRITE: 
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George Daughters WB6AIG 
1613 Notre Dame Drive 
Mountain View, California 94Q4Q 


The 




Keyer 


This electronic keyer is similar in block 
diagram to (lit* popular “Hugless Bug” 1 and 
list's approximately the same techniques to 
generate the signals. It is kind to the pocket- 
book and to the operator. Tt has a speed 

range of 1 vvpni to a rate far exceeding 100 
wpm! 

It was developed in response to a question 
hy K7UTF, “VT” Green, and uses the low- 

(weorgc, former KfJKDE, is a research assistant 
(BS, (Hi no is) at Palo Alto Medical Research 
Foundation . He enjoys home-brewing (his rig 
is all transistor-all home hrew) and GW con- 


toSr.v 


priced silicon epoxy transistors and micrologic 
elements now available from Fairchild. The 
total cost is on the order of S30.00 with all 
itvn parts it you have a machinist friend (or 
some dexterity) to provide a paddle. 

Operation 

Moving the paddle to the “dit” position 
causes the saturating switch Q 2 to turn of! 
CmLbb is just an inverter), allowing the block¬ 
ing oscillator Q : to run, providing a series of 
very short negative pulses to the pair of in¬ 
verter amplifiers gL lA and uL in . These pro¬ 
duce a fast rise and fall time suitable for tog¬ 
gling the flip-flop, pL... 2 Tbe output of the 


FDMIOQQ 

05 


IK 


NiQTES 

BOX IS V,4.2 LMB 143 
TESCTors ARE < 4W f tOV. 


-0 + 4. S 


0) "AA CELL 



TSTCWE 13? HOLDER 
+ 3 


_- "C' CELLS 

np ira holders 

si "power on /off 




3.2 JL 
SPEAKER 


Fig. I. Circuit diagram of the Kindly Keyer. Power 
supply connections to the plogics are not shown. 
Eliminate dotted capacitor. Label connections to 
pL2 and |iL4 $ t T and C from the top. See Fig. 2, 
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flip-flop is inverted by pL r>A and fed to the 
inverter Q 3 and relay driver Q 4 . Thus the 
relay (and (he monitor—a version of G.E.’s 
“Transistor Manual” audio oscillator) are keyed 
at a rate which is ?■» that of the blocking oscil¬ 
lator. (The flip-flop toggles only on negative 
going slopes.) 

For dahs. all of the above happens, but the 
gate iiL {B allows the second flip-flop uL 4 to 
toggle also and the output of this flip-flop is 
combined with pLTs output to make a dah. 

To obtain self completion ol a dit or dah, 
the output of pL- A “Z" is used to keep the 
blocking oscillator going as long as a figure is 
in progress. The flip-flop pL, is assured of 
returning to the proper state by keeping the 
gate pL ;iB open until a dah is completed. 

Construction 

The author’s unit (Fig. I ) is built on a p c 
board as shown in Fig. 3. U can be easily 
"hard wired ”, of course, [ he parts layout 
shown is convenient, leaving room for the 
paddle mechanism. Micrologic wiring is a 
pleasure since all one does is hook wires where 
lie wants the signal (or supph voltage) to go. 
To indicate (lie savings in parts here, (he ac¬ 
tual schematic of (he flip-flop is shown in 
Fig. 2. The author’s unit, with .‘t dry cells and 



BOTTOM VIOV 


Fig. 2. Schematic and basing diagram of the 
tip-flop used in the Kindly Keyer. A look at this 
well illustrates the advantage of integrated cir¬ 
cuits over individual components. 


Here's the Kindly Keyer 
opened up to show the 
etched circuit board with 
the integrates circuits in 
place. 
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FREE! - 1966 CATALOG & SAMPLES 

Thousands upon Thousands of Completely Satisfied Customers 

Write Today To: 


HAM WHOLESALE CABD CLUB 

Dept. H 

Box 461 m Lexington, N.C. 27292 


"DiT" 





ke y 

CLOSED 


LnnjL; jumnnniuii 




KEY KEY KEY 

OPENED CLOSED OPENED 


Fig, 4. Wave forms at various points on Fig* 1* 


Miscellaneous 


Ts miniature TOK: 


2K audio xfmr. 
Ki relay 250Q 

Calrod Cr-70, etc. 

65 

-f ■ A 9 * A uf 

1 4 ma 

Box, aluminum 

Sigma 1 1F250 G SIL 

. 1.95 

4x4x2 

LMB 143 

. 1 .33 

Battery holders 

2-Key stone 173 

..60 

1-Keystone 139 

21 

i i i 6 i 1 ■■ *w V* 

Switch spst 

Continental 6-124 etc. 

.32 

Batteries 

2 "C" cells 

...... .26 


1 "AA 1 * Penlite Cell 

13 

i * f 1 fe t * 1 


Total New Cost 

......$27.50 



9 nJUwducuuf a MEW 

TRANSISTOR 


TV CAMERA KIT 


PERFECT FOR HAMS, EXPERIMENTERS, & 
LOW BUDGET INDUSTRIAL APPLICATIONS. 


an actual te jm crura wish 


Leal' Hrii-'i -r actual tdeviud - 
the ATV RESEARCH ^ XT-lA 




FINALLY! A TRANSISTOR CAMERA KIT SELLING 
FOR UNDER SISO.OO. THIS IS LESS THAN THE COST 
OF ANT OTHER NATIONALLY ADVERTISED CAMERA 
EITHER TRANSISTOR OR TUBE!! 


BUT DON'T BE FOOLED INTO THINKING *E J VE 
SACRIFICED QUALITY FOR ECONOMY, *E HAVEN'T* 

rrs performance mill delight you. 


StHTt d iLf feature* ncl«d? r 

‘ Sinole pl#t» priflifd chcuit board lor 
trouTls-fr** cilambly. 


* 6 slaji, hitjih gain, |pw h»ia« video q.mp. 

* Rvqulalrd fC»*r supply. 

* Svjl-conrfrmti ayRt and btanWg gen. 

* 36 w» ;cndyct« circuit (1? irwmifan, 

3 idkOn diode* end \ 

■ RF of VIDEO Hfwtt. He Inaietftf* 
TV itf, |gi t coreeti te oni. tmtnoCt. sid 
tyrif tp p blrrvt dt*nn*l between J oner 6! 

‘ Extrtwely Mijr-TO-undfrUand 31 paye 

ilep-lty-ilcp comlrutliwi ttiormol. 



Spec* in rr|piy doe™ I pvrife t u4 to « 

m.tfl t«! ie'ajl, to iH you re irtt*rfi"f<! 
eat undlar s copy d ojt Rem 1 

TV catalog* <»** Afc 

atb, y«i bom «dbd fiteviliad pi 
tv So <r>; Iniuti ' iWar ' tyt* bh* 


KS 


MODEL XT-TA CAMERA KIT l*u ndbt<.SU9.50, 

Poilpdii delivery arty where <R U.S.A, and Canada. 


m 

Posl Office Box 396-5 



South Sioux City, Nebraska 68776 
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Fairchild epoxy encapsuled integrated circuits. 


a 1 -%." speaker for the monitor, is built in a 
2"x4"x4" box. 

Conclusion 

An electronic keyer whose electrical quality 
and operation are not exceeded by any on the 
market has been described. The little unit has 
only one disadvantage—it draws quite a bit 
of current. With the unit on but idling (since 
there are about 15 transistors saturated), it 


draws about 60 rna from the 3V supply. That 
is why “C” cells were chosen. During a dit 
or dah, this changes negligibly but all cells 
are then delivering relax and tone oscillator 
current, about 25 mA. 

I he size, weight, cost and operation of the 
unit are just right for carrying to Hie exam¬ 
iner’s office for an extra class exam! 

. . . WB6AIG 

The Bug Jess Bug,” Gilbert L* Boelke W2EUP QST ; 
September, 1963. 

-The flip-flop uses a charge storage principle for toggling, 
ami ip insensitive to DC. 1 or slow) changes in level. 
See ^1*923 data sheet* 


Transistors 

5- —2N3567 at $ ,65 . . . ,. . 

1- —2N3638 Don't use germanium; they 

are usually too leaky, .. 

Diodes 

5—FDMI000 at .44 . 


//.Logic 


2— U8A9 923 28X J K Flip Flops at 3.95 

3— U8A9 914 28X Dual Two 

Input Gates at 1.65 

Capacitors 

2 —.} at 12V Sprague HY 320 at ,T5 
T—.22 at 12V Sprague HY 325 
1 —I O^fd at 3V Sprague TE1053 


• - * * * ■ 


Resistors 

1—.5M Variable—Mallory U50 


5—IK T 4W 10% 

T —4.7K 1 4W 10< 

1—33K I/4W 10% 
I—220K I/4W 10% 


at 



53.25 

.46 

2.20 

7.90 

4.95 

.30 

.22 

.51 


1.02 

.88 



Fig. 3. Full size layout of 
the etched circuit board 
used. The components 
are on the opposite side 
as this is the copper side. 
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Don’t throw away that silicon transistor 
with a shortedopen 9 or broken lead , Use it 
as a zener diode or varicap (varactor). 




Transistor! 


E. R. Davisson K9VXL 
83 Crestview Drive 
Greenwood, Indiana 


Need a low cost zener diode? Or how about 
a low cost voltage variable capacitor (vari¬ 
cap)? How many times have you had the de¬ 
sire to regulate that mobile converter, but 
didn't want (or couldn’t) spend the 2 or 3 
dollars additional for a zener diode? Or how 
about that tunable converter you wanted to 
remote tune by voltage, but, oh, the price of 
the varicaps? Well, stop! Remember that sili¬ 
con transistor with the broken lead, or the one 
with the open collector, or was it t lie emitter 
lead that was open? Anyway, if you threw it 
away, you could have thrown away that low 
cost zener or varicap you needed. 

First let’s see what you could have done for 
a zener. By reverse-biasing the emitter-base 
junction of a silicon transistor, you have a 
verv hnndv zener diode. Some silicon transis- 
tors even exhibit better zener diode character¬ 
istics than some of the diodes sold specifically 
as zeners. 

Of course, the first obvious test is to de¬ 
termine what the zener voltage is for your 
specific transistor. Generally, most (there are 
always exceptions, of course) silicon NPN 
transistors will exhibit a zener action some¬ 
where between 6 and 11 volts. (Pretty ideal 
for mobile regulators). Fig. 1 shows the hook¬ 
up for determining the zener voltage. A value 
of 470 ohms for It. is sufficient to limit the 
current to a safe value while determining the 
zener voltage. Connect a variable power sup¬ 
ply as shown and connect a VTVM from 
emitter to base. Notice that the collector is 
not connected and is not needed in this ap¬ 
plication. Now, slowly increase the input volt- 



Fig. 1. Checking the zener voltage of diode junc¬ 
tions in NPN transistors. R. can be about 470 
ohms for these lov, voltage diodes It limits current 
flow to keep from damaging the junction in the 
transistor. 


age while monitoring I he voltage output on 
the VTVM. At a specific voltage input, the 
voltage out will stop increasing. Any further 
increase in the input voltage beyond tills point 
will now cause only a very slight increase in 
output voltage. The voltage as read on the 
VTVM is your zener diode voltage. The next 
question asked is, “OK, but what range of 
current can I regulate?’’ A rule of thumb here 
is; divide the voltage obtained as the zener 
voltage into the free air dissipation rating of 
the transistor. For example, if the transistor 
zenered at 10 volts and is a 3U0 in\Y device, 
the 10 volts into 300 mW gives 30 mA. This 
would be a safe operating limit. However, 
tests indicate that this isn’t necessarily the 
maximum limit but it is unlikely that you 

m -jr 

would regulate a circuit drawing more. 

OK, now you know what the zener voltage 
is and have an idea as to the amount of cur¬ 
rent you can regulate. Let’s apply this to a 
more specific example. Suppose you want to 
regulate that mobile converter’s oscillator 
stage. Let’s say your transistor zeners at 10 
volts. With 10 volts on your oscillator stage, 
it draws 3.75 mA. Since it’s mobile, you 
will vary between the 42 volts from the bat¬ 
tery to approximately 14.7 volts at maximum 
generator output. Fig. 2 shows the hook-up. 
The only requirement is to determine the 
value of ll* so that the transistor (oops—I 
m an zener) will regulate properly with a vari¬ 
able input. To determine R s , the following 
formula is used: 


s Il + 0.1 I I 

where: V L — lowest voltage input 
V 7 = zener voltage 
I Tj r= load current 

Therefore, in the example, V T — 12 volts, 
V y = 10 volts, and Ij. —3.75 mA. Using 
these values and solving for R„ gives a value 
of 485 ohms for the series resistor. A 470 ohm 
resistor would do quite nicely. As a check, 
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Fig. 2. Using a transistor as a zener diode to stabi¬ 
lize a transistor oscillator stage. Selection of R, is 
discussed in the text. 



lets determine what the maximum current 
will be through the zener. This will occur at 
the 14.7 volt input. At this level, R. would 
have to drop 4.7 volts. This represents a 
total current through the 470 ohm resistor of 
10 mA. The oscillator stage draws 3.75 mA . 
Therefore, only 6.25 mA is flowing through 
the zener, which is well within the dissipation 
rating of the device. In like respect, at the 
low voltage input, R v drops only 2 volts which 
represents a total current of 4.23 mA. The 
zener draws only .5 mA in this case. 

m 

If your stage, winch you desire to regulate, 
has a variable current requirement as well as 
a variable voltage input, use the following 
formula to determine the series resistor, R s : 




I 


Ltrntx 


+ o.i i 


I . MU ! A 


where: 1 1 .,,,,, x ~ maximum load current 

In like respect, if the input voltage is con¬ 
stant and the load current variable, use the 
same formula just given, with input voltage 
used in place of V L . 

These formulas are based on the premise 
that for conservative designs, the empirical 
factor of 107 of the maximum load current 
should be used for minimum zener current. 
In other words, the zener then is capable of 
regulating from this minimum current up to 
the value of maximum zener current as gov¬ 
erned by the dissipation rating of the tran¬ 
sistor. If your change in input is small, a fig¬ 
ure of 207 may be used to better advantage 
for a little better regulating action. 

Table 1 shows typical zener voltages meas 
sured on various transistors. All but the 
2X709 are available for under $1.00 as com¬ 
pared to zener diode prices ranging from sev¬ 
eral dollars and up. Notice that some (the 
exceptions'! like the 2X94 have a very high 
zener which limits the usable current range. 
(Possibly low current B+ regulators?) 

Pay particular attention to the Fairchild 
2X3567. This device sells in the neighbor¬ 
hood of 60 cents and exhibits extremely good 
zener action. It also exhibits another charac¬ 
teristic to be covered next. 

Now let’s forget that emitter lead and use 


instead the collector lead in conjunction with 
the base lead. Fig, 3A shows a typical varicap 
tuned tank circuit and 3B shows a NPN tran¬ 
sistor connected for use as a varicap. Cj in 
the figure isolates the varicap from DC. For 
this application, device dissipation is of little 
concern as only leakage current is flowing and 
will be quite insignificant. As with any series 
connection of capacitors, some consideration 
must be given to Cj. If this capacitor is quite 
large, compared to the varicap, then the tun¬ 
ing range of the tank circuit will be in direct 
proportion to the maximum change of the 
varicap’s capacitance with applied voltage. If 
it is smaller than the varicap, then the change 
in frequency with the change in the varicap’s 
capacitance with voltage will be small. 

There are two means bv which vou can 
determine whether or not vour silicon Iran- 

m 

sistor w ill be suitable as a varicap. Some will 
have only a minor change in capacitance with 
voltage changes and others will have a greater 
change. The first method and by far the sim¬ 
plest is to refer to the data sheet for the 
transistor in question. If you’re lucky, this 
capacitance change with voltage will be 
graphically plotted. The graph to look for is 
the output capacitance versus reverse bias 
voltage. This is listed on the data sheets as 

GU. (I E = 0 ). 

The second method is to actually connect 
(he Iransislor in question to a tank circuit such 
as that shown in Img. 3B. Use a large by-pass 
such as a .001 for Gj and a 100 K resistor for 
R,. I’lace a suitable coil of known inductance 
across (he transistor and capacitor as shown. 
Apply a DC voltage of 0.5 to 1 volt and then 
using a grid dip, find the resonant frequency 
of the tank circuit. Increase the supply volt¬ 
age until further increases have little effect 
on the resonant frequency. Compute (he value 
of the transistor’s capacitance at the low volt¬ 
age level and at the high voltage level. This 
gives you the range of capacity versus the 
voltage change required to produce this ca¬ 
pacitance for the transistor in question. 

Depending upon the application you have 
in mind, it’s advisable to actually' plot the 


Tfoiuistsr 


Typical Ze-er Voitage 


SE2C01 

2N706 . 

2N3642 

2N7C9 

SE4002 

SE6Q01 

2NH567 

2N94 . 

2N233A 

2N212 


6.1 

6.2 

6.4 

75 

9.8 

10.2 

10.2 

50.0 

55.0 

50.0 


TABLE 1 
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Fig. 3. Use of a varicap or transistor as a voltage 
variable capacitor in a tank circuit. 


capacity versus the voltage. As with a true 
varicap, maximum capacitance occurs at a 
low voltage and minimum capacitance at the 
higher voltages. The rate of capacitance 
change is greater at the lower voltage changes 
and vice versa. For tuning applications, you 
would be concerned primarily with capaci¬ 
tance change obtainable for the range of volt¬ 
age you have available. However, for an ap¬ 
plication such as producing FM, it is 
advisable to choose a section ol the curve 
where linearity is achieved and bias the vari¬ 
cap io tliis value of voltage through a suita¬ 
ble divider. Then by applying an audio volt¬ 
age to the varicap, a linear swing plus and 
minus may be achieved. Be sure that your 
bias point is sufficiently high so that the level 
of applied audio voltage doesn’t overcome 
the bias on the varicap causing it to conduct. 

Remember the Fairchild 2X3567 mentioned 
before for use as a zener? Well, here it is 
again. This little device exhibits excellent vari¬ 
cap characteristics. The capacitance and the 
capacitance change is ideal for a wide range of 
applications such as tuning, AFC, FM, etc. 
Fig. 4 shows the typical C (l) , of this device. 


As an example of the range possible with this 
particular device, consider a control voltage 
from 0.5 volts to 10 volts. This represents a 
capacitance of approximately 28 pF and 13 
pF respectively. This is a capactance ratio ol 
2.15 to 1 which represents a possible fre¬ 
quency ratio of 1.46 to 1. In other words, you 
could tune from 40 MHz to 58.4 MHz or by 
proper choice of the coupling capacitor you 
could easily cover 50 to 54 MHz. 

m 

Incidentally, this 2X3567 can also be used, 
of all things, like a transistor. It is designed 
primarily for amplifier and switching applica¬ 
tions. It exhibits a 40 volt collector to emitter 
voltage and 300 mW dissipation. Purchasing 
three of these devices at approximately $1.80 
would enable you to build a fairly loss cost 
zener regulated, voltage tuned, oscillator or 
RF stage. 

As mentioned previously, some transistors 
only change several pF with voltage change, 
but don't overlook the possibility for FM 
transmitters where you only require 25 kHz 
or less swing where a small change in capaci¬ 
tance would be sufficient. 

The applications gis’en in this article are all 
for XPX silicon transistors since the most 
common silicons are XPX. There are a number 
of inexpensive PNP silicons now available and 
they can be used if you reverse the voltage 
shown. 

So next time you start to pitch that NPN 
transistor with the open, or broken lead, stop 
and consider the oilier possible applications 
for it as a zener or varicap. 


. . K9VXL 



REVERSE BIAS VOLTAGE 

Fig. 4. Capacitance versus reverse bios volfoge for the base collector junction of the Fairchild 2N3567 
transistor. 
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Letters 


Dear 73: 

Ri*; The article on AGC by Jim Kyle on page 71-2 in 
the May 78, 4 ms rise time is too fast under conditions 
of impulse noise* a factor overlooked by the author* I 
have had to deliberately compromise it down to about 
15 nis in order to copy best under static, otherwise the 
noise “loads up" the AGC so otherwise copyable signals 
are unbearable, "therefore I believe a slower attack time 
to be a must unless it can be varied* The distortion 
caused bv the slower 15 ms rise time is quite small* 

Will Henry K2AHB 
RF Communications* Inc. 
Rochester, N* Y* 


Dear Paul* 

After my article on "'Choosing IF and Mixer Fre¬ 
quencies hi appeared in the April issue of 73, it oceUTed to 
me that some of the information in the article might 
be misleading; from some of the correspondence I have 
received, this has evidently occurred to some of your 
readers too* First of all, let me point out that both the 
local oscillator and incoming signal must he present to 
generate a birdie* In addition, because of the selective 
circuits at the front end of the converter, it must Ik? 
tuned to this point in the band* If there is not a signal 
at the spurious point or if the receiver is nut tuned to 
that point, no birdie. Therefore, before your readers 
scrap all of their converters on the basis uf the param¬ 
eters presented in the article, they should take a close 
look at their operating condition and locale. If there 
are nut apt to be any signals at the spurious points 
and/or they are not interested in working that pari id 
the band, then obviously any birdies that occur from 

time to lime are of no consequence. 

Jim Fisk* WA6BSO 

San Jose, California 


Dear 73: 

Keep up the good work. Your magazine is getting 
better every issue* 

Levi Mayes 


Dear 73; 

Here's my renewal. I was going to let it lapse. The 
magazine isn't too great anymore—not as good as it 
was the first year but none of the competition is much 
bet ter 

W, K. McKellip* WA6LGI/4 
Albany, Georgia 


Dear Paul; 

I Just received new prices on the FET's from Texas 
Instruments mentioned in my article in the May 73* 
The 2N3823 is still $12,911, but the TI534 has been re¬ 
duced from $7*80 to $4.50. 

Jack McKay WA5KLY/6 
Stanford, California 


Dear 73; 

If you can't lick 'em, etc* , . 

Suggest you change the name of y »ur magazine 
forthwith, the better to reflect the hamdom uf today 
and to get into the mainstream of ham Jingo* 

Surely it should be 73*s Magazine, or better yet Best 
73 f s Magazine* 

get with it. . . Is that a BIG 10-4 good buddy 7 

Best best wishes, 
Ansel Gridley W4GJO 
Sarasota, Fla* 


Dear 73: 

The American Morse code listed in the article by 
W2AAA in the May 73 is full of mistakes* "L" is one 
lung dash* +, M'* is two dashes. The Ampersand is “ES," 
not four dots. The semicolon is "SI*" Parentheses are 
designated "PN” for beginning and "PY" for ending 
parentheses. 

D. A. Bunker W7ZB 
Portland, Oregon 

The errors weren't W2AAA’s. The typesetter and proof- 
renders had fits with those letters. Sorry. Paid. 
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MODEL A-62 - 300 OHM 


On 2 Meters: 

18 Elements 

1- folded Dipole Plus Special 


On 6 Meters: 

Full 4 Elements 
Cfolded Dipole 



Phasing Stub 




1 Reflector 

i -3 Element Colinea r Reflect 2 -Directors I 

4 3 Element Cotinear Directors I 

Amateur Net . . . *33.00 
Stacking Kit .*2.19 
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:;:r ••• X : :- :... :: 

, .l,- .Qn 2 Meters: «J---- 

Equivalent to 18 Elements 4 Elements 



I 


1-Gamma-Matehed Dipole 1-Gamma-Matched Dipole 

" • .... .. _ . ." : . " 


1-3 Element Caltnear Reflector 1-Reflector 


■ 


4-3 Element Colincar Directors 2-Directors 

I Amateur Net* . $34.50 

K Stacking Kit $18*00 

MODEL AB-62 GMC 
On 2 Meters: On € Meters: 

Equivalent to 30 Elements Equivalent to 6 Elements 

^Amateur N$52*50 
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5 New 6 Meter Beams 











3 New 2 Meter Beams 
I New 1 Vi Meter Beams 
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Gold Corodized for Protection Against Corrosion 

See YourFinco Distributor or write for Catalog 20-226 

The FINNEY Company - Bedford, Ohio 
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James A r he W2DXH 
Freeville, N. Y. 


Lambda Lines 

Here's the simple , cheap . fast approach to lecher lines . 


Over the past few years, new kinds of com¬ 
mercial gear and military surplus have made it 
quite easy to generate VHF frequencies. But 
the problem of measuring tlie frequencies has 
not become any easier for amateurs short on 
calibrated instruments. Of course this means 
the newcomer to VI IF! What can lie do to 
find what ballpark a circuit is radiating in. if 
there are no accurate devices available? When 
this problem came up recently, a simple solu¬ 
tion appeared quite by accident. It was so 
simple, in fact, that its simplicity must be the 
feature that has kept it out of the ham pub¬ 


lications. Another first for 73! 

The traditional solution to the rough fre¬ 
quency measurement problem is to make up 
a Lecher Wire system. There is some question 
about the value of one of these in the modern 
ham shack. Narrow-band crystal-con trolled 
techniques guarantee frequency and stability 
once the multipliers are tuned properly. In the 
old modulated oscillator days things were not 
that stable ... so why go to all that carpentry 
and const ruction work for what fairly well 
promises to be a use-it-once gadget? Particu¬ 
larly when a little reflection (pun intended!) 
may bring out a cheaper, faster and better 
arrangement? 

Ham and commercial builders of VI IK gear 
have been using tuned stubs for years to match 
impedances, tune out ! requencies, tune in 
others, etc. Yet it seems to have occurred to 
very few workers indeed that it might be 
possible to cut stubs to length accurately 


VOLTAGE 

/WSTRBUTION 



Fig. 1. Four kinds of tuned stubs, taking their 
fundamental resonances as the frequency produc¬ 
ing the illustrated voltage distribution. This shows 
that none of them has o unique resonant fre¬ 
quency. 


enough to serve as frequence standards. Ap¬ 
parently this can be done, with an accuracy 
of about 5 f 'i ! This compares very favorably in¬ 
deed with the performance of lower-frequency 
grid dip meters and some signal generators. It’s 
pretty good for a pencil and yardstick opera- 
lion; the only other items required are some 
understanding of how it works and a piece of 
300 ohm twin lead. Belden #8235 recom¬ 
mended. You can calibrate that new GDO for 
432 at a cost of just a few cents! 


Theory 

Many kinds of tilings show a property of 
tuning sharply to a certain frequency. This 
property is called resonance. We hear it 
when a struck piece of metal rings, and see it 
in the pendulum of an old grandfather clock. 
The grid dip meter shows a drop in grid cur¬ 
rent of an oscillator when a nearby resonant 
circuit steals energy from the oscillator. And 
it is the nearby resonant circuit that is the 
subject of this article. 

The basic circuit is the quarter-wave stub. 
A little browsing around in the handbooks and 
earlier issues ol 73 and other ham magazines 
will tell you lots about quarter wave stubs, 
the important practical points are that the 
stub resonates at certain frequencies, and that 
at these frequencies it can be dipped at its 
shorted end in the same way as any other reso¬ 
nant circuit. 

But the term quarter-wave has to be taken 
with a grain of salt. The tuned stub will be 
shorter than a frec-space quarter wave, be¬ 
cause the dielectric lias a slowing-down effect 
on the rate at which the RF bounces end-to- 
end along it. Suppose you laid out a mile or 
so ol twin-lead and transmitted a signal, at the 
same time sending off a reference signal by 
space wave. The reference signal would arrive 
at the other end first, in about 5.35 microsec¬ 
onds. The twin-lead signal would arrive a full 
microsecond later, about a 20% delay. Since 
this applies even to short lengths of twin-lead. 
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A quarter-wave lambda line for 220 MHz being used to check GDO calibration. This line shoula give 
a good indication of 660 MHz also. 


the delay must be taken into account for ac- 
curate measurements. Also, there is a consid¬ 
erable difference in velocity factors between 
different brands and qualities of twin-lead. 
Crystals are often used in overtone oscilla- 

m 

tors for generating stable VHF frequencies. 
The various inodes of oscillation are pictured 
in the handbooks. Tuned lines will also show 
overtone resonances, and in the case of large 
uncertainty, it might just happen that reason¬ 
able errors could lead to a consistent but very 
wrong result. A halfwave line will resonate at 
a frequency f, and also at 2f, 3f, and so on. 
Note both odd and even multiples! All other 
resonant lines have a similar overtone reso¬ 
nance property. The problem is slightly aggra¬ 
vated by the convenience of using relatively 
long lines at the higher frequencies because 
they are easier to handle. I lie solution is to 
cut a pair of lines whose collections of reso¬ 
nant frequencies have only one resonance in 
common. The recommended lengths are a half¬ 
wave and a three-quarter wave line. 

Fig. I shows lour basic tuned lines, just 
which resonance is an overtone and which is 
not depends somewhat on the application. The 


simplest way out of this problem in semantics 
is to say that the three-quarter w ave line really 
doesn’t have that resonance at 1 3, ignore the 
quarter and fullwave lines, and stick to the re¬ 
maining two for test work. 

At 132 MHz a wave in free space is about 
27.3 inches long. Suppose we are using Belden 
#8233 tw in lead, which Belden says has a 
velocity factor or propagation constant of 0.77. 
The twin lead wavelength than is 27.3 times 
0.77 or 21 inches. The halfwave stub must be 
10.5 inches long, shorted on both ends; and 
the three-quarter wave stub 15.75 inches long, 
shorted at one end. I hese are convenient 
lengths, not too long to use on the workbench, 
nor so short that percentage accuracy in cut¬ 
ting becomes a big question. 

Using the stubs 

The commercially available grid dip meters 

are not noted for accuracy. It's commonlv 

* 

estimated that the scale calibration can be 
trusted to within about 20%. With some care, 
calibration points taken from twin-lead resona¬ 
tors appear to be good to about 5%. The first 
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COMPLETE WITH LENS 


SUB-MINIATURE SOLID STATE 

TV CAMERA 

FOR CLOSED CIRCUIT OR AMATEUR TV 

• Measures only x 4'' x 1” (excluding lens and 

connectors)* 

m Weighs only lbs. 

• Advanced circuitry utilizing IS semi-conductors most 
of which are silicon, 

• Resolution guaranteed to exceed best capabilities of 
standard 525 line TV receivers. 

• Frcld-effect input circuit provides noise-free video. 
This is a VANGUARD exclusive. 

• RF output 30,000 microvolts adjustable for channels 
2 - 6 , 

• Video output 1*5 V p~p composite with standard nega¬ 
tive sync, 

• Viewable pictures obtainable from as low as 1 ft can¬ 
dle of illumination to bright sunlight 

• Vidicon controlled automatic light compensation elimi¬ 
nates electric eye and provides error-free compensation 
for tight level changes of up to 120 to I. 

• New VANGUARD "Ht-FI” vidicon enables use of any 
8 mm movie lens instead of 16 mm lens required by 
other TV cameras. 

• Electronically regulated power supply and thermally 
compensated circuits eliminate change in picture qual¬ 
ity when line voltage and temperature fluctuate, 

• All parts guaranteed for 1 year (except for open fila¬ 
ment an vidicon or breakage). Made in USA, 

Building your own TV camera? Send 10c for our new 

catalog describing our complete line of sub-assemblies 

and parts incorporating the latest advances in technology* 

VANGUARD LABS 

196-23 Jamaica Ave. Hollis, N.Y. 11423 


F5 F4 

Fig. 2. Some overtone resonances of a halfwave 
stub (shorted at both ends). FI, F2, F3 and F4 
should be IF, 2F, 3F, 4F. 

precaution is accurate construction. Cut the 
strips slightly long, short one end of each, and 
cut the three-quarter wave line to length. 
1 lien go more carefully at the other end of 
the halfwave line, which must he shorted at 
both ends. It should not be too hard to get 
the correct lengths within one sixteenth inch. 

When making frequency checks, the lines 
must be held off the workbench an inch or 
two. Use small boxes or pieces of cardboard. 
Probably the better part of a foot distance is 
in order if the workbench is of metal or has 
a copper surface. At two meters, a perceptible 
change in calibration can be detected if the 
line is laid out on a wood surface! It’s very 
good practice to make up lines for two meters 
or lower, and practice dipping them. Some 
refinement ol technique will certainly be re¬ 
quired before a halfwave and a three-quarter 
wave line can be made to dip at the same 
point on a standard dip meter. Once the trick 
is mastered, it can be carried up to the higher 
frequencies. 

The lines are dipped in the same way as 
any coil, because they have a very high Q, 
(here will be a tendency for the dip oscillator 
to pull, or to seem to give different readings 
when tuning down to frequency and tuning 
up to frequency. The remedy is less coupling; 
move the dip meter a little further away from 
the line and try again. Dip the stub at its 
shorted end! 

But what was that trick for calibrating a 
dip oscillator, mentioned earlier? Can’t make 
up a pair of lines for each frequency. No need 
to! That’s simply the reliable way for finding 
the right ballpark. When you’re there, you 
can set the lines aside, make up another three- 
quarter wave resonator cut for the lowest 
frequency, and after marking that point on 
the scale, trim the stub up to the next cali¬ 
bration frequency. Throw the remainder away 
when done calibrating. 

The half-wave stub is also useful as a timed 
coupler. Suppose you want to tune an oscilla¬ 
tor to a particular frequency but have nothing 
to indicate at that frequency. Loosely couple 
the RF into one end of the half-wave stub, 
and take it out the other end with a hairpin 
loop, through a diode to a 50 mA meter. You 
will only get a reading at the resonant fre¬ 
quency of the half-wave stub. Simple! 

. . . W2DXH 
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FREQUENCY CONVERTERS 

WORLD'S LARGEST SELECTION OF STOCK FREQUENCIES 


Avoilabfe 

in 

the following 

frequencies from 

stock: 



Model 

Input me Output me 



' 30I-D 

144-148 

50-54 



301-El 

144-145 

.6-1.6 



301-E2 

145-146 

.6-1.6 

2M 

- 

301-F 

144-146 

28-30 



301-Q 

144-148 

14-18 



301-R 

144-148 

7-1 1 



. 301-S 

143.5-148.5 

30-35 



\ 301-81 

50-51 

.6-1.6 



301-82 

51-52 

.6-1.6 

6M 

4 

301 -C T 

50-54 

7-1 1 



301-C2 

50-54 

14-18 



301-J 

50-52 

28-30 

20 M 


301 -G 

13.6-14.6 

.6-1.6 



| 301-A1 

26.5-27.5 

.6-1.6 

CB 


( 30I-A2 

26.8-27.3 

3.5-4.0 

40M 


301-K 

7-8 

.6-1.6 

CHU 

1 

; 301-L 

3.35 

1.0 

WWV 


! 301-H 

5.0 

1.0 



r 301-11 

9-10 

.6-1.6 

int 1. 
Marine 

< 

301-12 

15-16 

.6-1.6 



, 301-M 

2-3 

.6-1.6 



30I-NI 

118-119 

.6-1.6 



301-N2 

119-120 

.6-1.6 

Aircraft 

< 

30I-N3 

120-121 

.6-1.6 

# 11 1 V ■ M P 1 


301-N4 

121-122 

.6-1.6 



301-N5 

122-123 

.6-1.6 



30I-N6 

123-124 

.6-1.6 



' 301-PI 

154-155 

.6-1.6 

Fire, 


301-P2 

155-156 

.6-1.6 

Pol ice 

< 

301-P3 

154-158 

7-11 

etc. 


301-P4 

154-158 

104-108 

VHFMa 

rine 301-P5 

156.3-157.3 

.6-1.6 



r 30I-W1 

162.55 

1.0 

Weather 

< 

301-W2 

162.55 

10.7 



w 301-W3 

162.55 

107.0 



ANY CONVERTER 
NOW ONLY 


except 301-X, SI 8.95 ppd. 


CUSTOM 30 3-X Your choice of any one in- 
MADE put and output frequency between 

.6 and J 63 me. 

(4-6 weeks delivery on custom converters) 

For prompt shipment pleose include postal money order or cashier's check. COD's must include 20% de¬ 
posit. New York City residents add 5% sales tax. New York State residents odd 2% soles tax. 


The modei 301 uses 3 of the very latest type epi¬ 
taxial planar UHF transistors for unsurpassed gain 
and low noise at all frequqencies. It can operate 
from 6 to 18 volts (positive or negative ground) 
without any significant change in gain or frequency. 
The circuit consists of a tuned R.F. amplifier, crys¬ 
tal controlled oscillator and a tow noise mixer. More 
than 30 high quality parts carefully assembled and 
tested. Sensitivity is better than Vi micro-voft for a 
6 db signal to noise ratio even at 160 me. 

Enclosed in a sturdy 16 gauge, 3 l /s" x 2Ys" x 
] W' aluminum cose with mounting ears, trans¬ 
fer switch and two SO-239 (UHF) receptacles. 

100% made in the U.S.A. 

2 year guarantee on all parts including transis¬ 
tors/ 

Free 24 hr. SPECIAL DELIVERY anywhere in 
the U.S.A. if you send a money order or cashiers 
check. No shipments made on Saturdays, Sun¬ 
days, holidays, and 2 weeks in August. 

OPTIONAL ACCESSORIES: 

9 volt battery eliminator with 110 volt cord. 
Only $2.95 ppd. 

R.F. coble adopters in 6", 12" or 18" lengths 
with PL-259 plug on one end (mates with con¬ 
verter}. Other end your choice of Motorola 
male or female, RCA, BNC or PL-259. Price 
$1.25 each postpaid cable with 2 plugs. 


VANGUARD LABS 


Dept. H 

196-23 Jamaica Ave. 
Hollis, N.Y. 11423 


JULY 1966 


57 



























































Designing 
RF Power 


Darrell Thorpe 
3110 N. 83rd St. 
Scottsdale, Ariz. 


T rans stor 


Amplifiers 


This article contains information for designing 


transistor power amplifiers . 

Transistors capable of delivering several 
watts at frequencies up to several hundred 
megahertz are readily available at nominal 
cost, and development of improved devices, 
in regard to power output and operating fre¬ 
quency, is advancing rapidly. Because of trans- 
sistor voltage and current limits, and the need 
for proper matching, the tube oriented de¬ 
signer must slightly rev ise his design proce¬ 
dures and take certain cautions he would not 
ord in aril) consider if he was designing with 
tubes. 

These new design procedures, together with 
some of the precautions and other design dis¬ 
similarities are discussed here in sufficient de¬ 
tail to permit most readers of 73 to reap the 
benefits o! technological advances being made 
by the semiconductor industry in KF power 
devices. 

Volt a ge-c u rren t rela tionsh ips 

The majority of transistor RF power ampli¬ 
fiers fall into the Class B (zero base bias) 
category because this class of operation pro¬ 
vides a greater power gain. (Some may want 
to call zero base bias Class C because it does 
take a few tenths of a volt to start the tran¬ 
sistor conducting.) However, Class C opera¬ 
tion (reverse base bias) with its higher collec¬ 
tor efficiency is also suitable especially when 
efficiency is of greater importance than power 
gain. Moreover, it is practical, under certain 

Darrell Thorpe, former W0PKB , and XV9NYI, 
is the editor of the Motorola Military Elec¬ 
tronics Division Engineering Bulletin. 



Fig. I. Basic transistor RF power amplifier. 


including a 50 MHz final . 

conditions, for example, where a greater power 
gain than Class B provides is needed to oper¬ 
ate a transistor RF power amplifier with a 
slight forward bias. 

However, you must use caution when bias¬ 
ing RF’ power transistors for Class A opera¬ 
tion. Transistors designed for RF power am¬ 
plifier service, at high frequencies, have a very 
small base width. Without going into the de¬ 
tails of sale operating area, it is sufficient to 
establish that, this narrow base width pre¬ 
cludes operating these devices in a dc biased 
Class A circuit at even a fraction of their 
power rating. In fact, if you try, the device 
will be instantly destroyed. Therefore, if you 
are planning on building a transistorized SSB 
rig, where some forward bias is needed for 
linearity , or if the greater power gain of Class 
A operation is needed, limit the bias current 
to the low millampere region. 

A basic transistor RF power amplifier cir¬ 
cuit is shown in Fig. 1. The base has no bias 
applied to it. therefore, the circuit is operating 
Class B. With no signal and no bias applied 
to (lie base, the circuit is setting at the static- 
operating point. That is, the voltage between 
the collector and emitter is equal to the sup¬ 
ply voltage (V c *o) as shown in Fig. 2. Since 



COLLECTOR' EMIT TER VOLTAGE {V ct I 

Fig, 2. Static operating point and load resistance 
curve. 


58 


73 MAGAZINE 







































Fig. 3. Affect of base voltage on collector current 
and voltage. 


I he circuit illustrated employs a PNP transis¬ 
tor, the transistor conducts only when the 
voltage (applied drive signal) goes negative. 
Referring to Fig. 3, as the base vo'iage goes 
negative, there is a corresponding rise in col¬ 
lector current. Also, notice, from Figs. 2 and 3, 
that as collector current increases, the collec¬ 
tor-emitter voltage drops to V inin . 

Then, as the base voltage returns to zero, 
collector current goes to zero and collector 
voltage returns to V cc . However, due to fly¬ 
wheel efleet of the tank circuit, the collector 
voltage returns to Y rr . However, due to fly¬ 
wheel effect of the tank circuit, the collector 
voltage continues to increase until it reaches 
approximately 2V CC . 1 he cycle then repeats. 

Breakdown voltage and supply voltages 

in vacuum tube circuits, breakdown voltage 
between the plate and other elements is sel¬ 
dom a consideration since it usually is much 
greater than the usual supply voltage. How¬ 
ever, present day transistors are not so for¬ 
tunate. Therefore, the breakdown voltage of 
the transistor must be considered when select¬ 
ing devices and supply voltages. 

As previously discussed, for an unmodulated 
transistor RF power amplifier, the collector 
voltage swings from Y mitt to approximately 
twice the source voltage. Therefore, the tran¬ 
sistor must be able to withstand the peak-to- 
peak voltage which is 2V CC —V mlI1 . Since V mln 
is usually only a few tenths of a volt, it can 
be neglected and the peak voltage can be 
considered as 2V CC . 

Since fbe common-emitter configuration 


produces higher gain than a common-base 
configuration, the breakdown voltage of the 
transistor being considered will usually be 
B^ces* Quite often i >V C! , :s and BY cbo are the 
same value. If the peak voltage happens to 
slightly exceed the breakdown voltage, the 
transistor will not be damaged provided the 
current and time duration are limited, but 
efficiency and gain will drop. 

Thus, from the preceding discussion, it 
should be clear that a transistor should be 
selected with a BV CES equal to or greater than 
2V CC or if this is not practical, V rc should be 
set equal to or less than BV OKg /2. 

For an AM power amplifier, these condi 
tions must be modified to account for the in¬ 
creased peak-to-peak voltages which result 
from the modulating voltages. Fig. 4 illustrates 
unmodulated and modulated carriers. The in 
on the modulated carrier represents the modu¬ 
lation index (m = 1 for 100% modulation). 
From Fig, 4B, for a modulated transmitter, 
line transistor must have a voltage rating ol 

BVces 2Vcc (I f mi (1) 


or 


Y. a < 


BY 


cus 


2(1 + m) 


Since m — 1 for 100% modulation. 



Therefore, for CVV or FM operation, where 
m = 0, Hie maximum collector voltage is ap¬ 
proximately one-half the breakdown voltage, 
and for the final stage in an AM transmitter 
(m - If the maximum collector voltage must 
not exceed one-quarter of the breakdown volt¬ 
age. Effects of slight clipping caused by 
breakdown on the upward modulation and 
saturation voltage on the downward modula¬ 
tion may generally be neglected. 


Determining the optimum 
load resistance 

In a transmitter, it is generally desirable to 
obtain a certain power output or the maximum 
power that a transistor is capable of deliver¬ 
ing. Since the collector supply voltage is often 
limited either by breakdown voltage or the 
source i.e.; 6 or 12 volts in the ease of mobile 
transmitters, the only variable is the effective 
load resistance at the collector. 

To gel a better understanding ol how the 
load resistance (R c ) influences the maximum 
power output, it is necessary to examine the 
properties of an amplitude' modulated signal 
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2 y cc * bv ces 



Fig, 4A. Unmodulated carrier. 


more closely. The equations developed will 
easily reduce to the C\\ or KM. case. Fig, 5 
illustrates the output at the collector of an 
AM final stage. The voltage is given by the 
expression 

e e = E c (1 -j- m pin «o,t) (siu t), (3) 

where 

e ( . — instantaneous carrier voltage 
E c — unmodulated carrier amplitude 
u, n — 2n: (frequency of modulating signal) 
to<, = 2jt (frequency of carrier signal) 
t = time, and 

m = modulation index = E m /E ( ., where 
E m = peak modulation voltage and 
E c — peak unmodulated carrier volt¬ 
age. 

The peak voltage, E pj occurs at the crest of 
the sine waves and is easily determined to be 

Ep = 4(l+m) (4) 

(. sing I he standard ohms law equations, the 
peak power (P p ) is given by 

E„* 


Substituting Equation 4 into Equation 5 we 
have 



K „ 2 (I + in)- 

Rc 



By inspection of Equation 6 it is seen that 
the peak unmodulated (P„) power (m = 0) is 


P„ = 


Rc 


(?) 






Fig, 4B. Modulated carrier. 


and with modulation, the peak modulated 
power (P nt ) is 

P,„ = P„ (I + nip. (8) 

Note, from Equation 8, that for a 100% modu¬ 
lated carrier (m = 1) that the peak modu¬ 
lated power is four times the unmodulated 
power. Thus, most of the power of an AM 
transmitter is contained within audio side¬ 
bands instead of the earner. For this reason, 
when maximum talk range is desired from an 
AM transmitter, it should be designed and 
timed so as to produce maximum demodu¬ 
lated audio signal with minimum distortion. 

Getting back to determining the optimum 
load resistance for a desired power output. 
Equation 7 can be written 



Where R 0 is collector load resistance 
V cc is substituted for E c 
P„ is unmodulated power output 
the factor 2 in Equation 9 comes from the 
conversion of peak power to mis power. 
for a modulated transmitter is obtained by 
substituting Equation 8 into 9 which becomes 

Vcc* (I + 

Rc =--—^ (io) 

— 1 u 


Table 1 



Max DC 
Supply Voltage 

(Vcc) 

Max toad 
Resistance 

(Rc) 

Peak Power 

AM 

BVcer 

3 Vcc- 

8Pu 

(100% mod) 

4 

4Pu 

FM/CW 

BVcess 

2 

Vcc* 

2Pu 

2 P» 


Note: The simplification of the equations for 
the modulated transmitter is arrived al 
by letting m — 1 which is the case for 
100% modulation. 
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The New Amateur Word Game 



WHO MANUFACTURES AND SELLS MORE AMATEUR SSB TRANS¬ 
CEIVERS THAN ANYBODY ELSE? SWAN AND HENRY RADIO. 


WHAT IS THE FASTEST SELLING TRANSCEIVER IN THE WORLD? THE 

SWAN 350, ALWAYS IN STOCK AT HENRY RADIO AND READY FOR SHIP¬ 
MENT ANYPLACE IN THE WORLD. 



DO SWAN AND HENRY RADIO DOMINATE THE TRANSCEIVER 


FIELD? BECAUSE SWAN MANUFACTURES A FINE RELIABLE TRANSCEIVER 
THAT GIVES YOU THE MOST FOR YOUR MONEY. BECAUSE HENRY RADIO 
GIVES YOU THE BEST DEAL . . . GENEROUS TRADES, EASY PAYMENTS, 
THE KIND OF RESPONSIBLE MERCHANDISING THAT AMATEURS ALL OVER 


THE WORLD HAVE LEARNED TO DEPEND ON. 




the Swan 350 

TRANSCEIVER $395.00 

I17-XC AC SUPPLY $85.00 
11-4-117 12 VDC SUPPLY $120.00 


6% FINANCE CHARGE • 10% DOWN OR TRADE-IN DOWN • NO FINANCE CHARGE IF 
PAID IN 90 DAYS * GOOD RECONDITIONED APPARATUS • Nearly all makes & models. 


15 day trial. 90 day Warranty. 90 day trade back on NEW apparatus. Write for bulletin. 


TED HENRY (W6UOU) BOB HENRY (W0ARA) WALT HENRY (W6NRV) 



CAU DIRECT ... USE AREA CODE 

Butler 1, Missouri 816 679-3127 

11240 W. Olympic, Los Angeles,Calif. 213 477-6701 
931 N. Euclid, Anaheim, Calif. 714 772-9200 
6116 N. 27th Ave., Phoenix, Ariz. 602 AM 4-3895 



v 'Worlds Largest Distributors of Short Wave Receivers" 


JULY 1966 


61 




































































C2 



Fig. 6. One method of matching the load to the 
collector circuit. 


From Equation 9 or It), the maximum collec¬ 
tor load resistance that can he used for a 
given output can be calculated. 

A summary of voltage and load resistance 
relations is given in Tabic I. 

CW and modulated power 
output capabilities 

At YHF, the factors which limit power out¬ 
put, in most cases, are other than device 
power dissipation. Usually, high frequency 
transistors are peak voltage or peak current 
limited. 

The voltage limits have already been dis¬ 
cussed; however, a few words about current 
limits are needed to aid in understanding why 
transistor circuits behave as tliev do. 

A transistor can be compared to an emis¬ 
sion limited tube. That is, the amount of peak 
instantaneous current available is determined 
by the transistor structure, and no reserve or 
space charge effect exists. If a transistor is 
operated with maximum allowable collector 
supply voltage and the drive is increased until 
there is no further increase in output the max¬ 
imum peak current has been reached. This 
condition is very seldom encountered in a 
tube, because the power dissipation limit of 
the tube is usually reached first. 

The peak voltage and current limits are im¬ 
portant factors for amplitude modulated trans¬ 
mitters because a device which is already op¬ 
erating at its collector supply voltage and cur¬ 


rent limits can not be upmodulated from that 
power level. As discussed earlier, for collector 
modulation, the supply voltage must be lim¬ 
ited to one-fourth of the maximum transistor 
voltage rating to prevent breakdown, and 
since the peak current must double in addi¬ 
tion to the voltage, a carrier level of one- 
fourth maximum power output must be main¬ 
tained if 100 percent up-modulation is de¬ 
sired. 

And, while we are on the subject of modu¬ 
lation, it is worthwhile to mention that feed- 
through capacitance in transistors will allow a 
residual carrier to be passed from the driver 
through tlie final even if the down-modulating 
audio has reduced the collector-to-emitter 
voltage to zero. Hence, some modulation of 
the driver is needed to achieve good down- 
modulation of the final. Also, modulation of 
the driver will aid in achieving the higher 
peak current required by the final on up-mod¬ 
ulation. 

Design example 

Up to this point, we have not considered 
matching networks to transform the actual 
lead impedance, usually a 50-ohm or 300- 
ohm antenna, to the load the transistor needs to 
see so that the specified power output can be 
achieved. Fig. 6 shows one method of cou¬ 
pling the collector circuit to the load. There 
are many other types of matching networks 
that can be used including the pi and L net¬ 
works. If vou desire to use one of these net- 

w 

works refer to one of tlie radio handbooks for 
equations to calculate component values. The 
matching circuit shown uses a parallel tuned 
circuit to couple the load to the collector cir¬ 
cuit. Oho collector of the transistor is tapped 
down on the tank coil. Capacitor C T provides 
tuning for the fundamental frequency and C-. 
matches R c to the tank circuit. 




•60 


350 400 


COLLECTOR TO-EMiTTEft VQLTSEV^I « 13 5 
C&SE TEJilPERATOREfTe) - 25° 


COLLECTOR-T0-€M'”TER VOLTS 

*25* 


2B 


FREQUENCE (MHif 


200 250 300 


50 60 TO *0 50 


190 200 


FREQUENCY IMH.-J 


ISO 


Fig, 7, Characteristic curves for the 2N3553 at 28 Fig, 8. Characteristic curves for the 2N3553 for 
volt emitter to collector voltage, 15 volt emitter to collector voltage. 
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Lei’s assume we are designing a 50 MHz 
final using the RCA, 2N3553 transistor. Char¬ 


acteristic curves on the data sheet (see Figs. 
/ and 8) show that this de\ ice can typically 
provide 5 watts (CW) from a 13.5-volt source 
at 50 MHz and 10 watts with a 28-volt source. 
Specified 1J\ ,< KS is 65 volts which is sufficient 
r:>r either C\Y or AM from a 13.5-volt source 
(use the equations and check for yourself). 
Therefore, lets design for a peak modulated 
power output of 10 watts which corresponds 
to a 2.5-watt unmodulated carrier. 

The maximum load resistance is (see Table 

I) 



3 V oc 5 308.2) 

W = 7(277 = 5552 


Since at 50 MHz. tl ie number <>f turns 
needed lor L, will he rather small, and also, 
since the collector load impedance is very 
close to the 50Q antemia impedance, we will 
assume a 4:1 turns ratio. 


As shown in Fig. 6, coil Lj transforms R r _ 
to another resistance R r ". This is given by the 
standard transformer impedance equation 


/X,V = RU 
wV Rl 


(H) 


Since turns ratio is 4:1 and R L = 50Q 


(f) ■ ¥ - ■«<*» - 

Rl" = SIX) 


800 


Let's assume that a loaded Q (Q t .) of ap¬ 
proximate S or better is desired. Values of 
loaded Q in the range of 5 to 10 are practical 
to achieve. 

Now, we can calculate Co 

~ a* 




50A 
OUTPUT 


500 


TO 

MOOUtATOf) 


+ 13.5V 


Fig. 9. Complete 50 MHz power amplifier stage 
and part of its driver. The driver must supply 75 
mW for 2.5 W Output. 



_ 8 _ 

(3.28 X 50 X 10* X 800 


= 31.1 pF 



a 


nd 


L. = 


l 


(2jtF) s Ci 


= (fj/28 X 50 J- X I O'" X 31 X 10'-* = 0333 ^ FT 

(13) 

Using a cor nomograph, this turns out to be 
a 7-turn, one-half-inch diameter by one-inch 
long coil. Tap I % turns from cold end. 

Next, the value of coupling capacitor C 2 is 
calculated. 


XCh = Ri 


Rl" 


I = 55 


'si H) 


\l R< • ‘ OT \ 55 

- 1 = 55(13.8) = 


(14) 



1 

2 tt F X c 2 


_ \_ 

0.28 X 50 X 

1 

66 X 10 9 “ 


1 ()<■ X 2 10 
15 pF 



The complete 50 Mllz RL’ power amplifier 
and part of a driver stage is shown in Fig. 9. 
As shown, the driver stage can be designed 
using a similar matching network. The load 
for the driver will be the input impedance of 
the 2N3553 final transistor which, for all prac¬ 
tical purposes, can be considered as the base 
spreading resistance (r bb ') of the transistor. 
For the 2X3553, r bb ' is typically 12 ohms. 
Therefore, the network must transform 12 
ohms to the impedance the driver needs to 
see to develop the required drive power. The 
driver can be designed using the same pro¬ 
cedure as given for the final. From Fig. 7, the 
driver must supply about 75 mW of power to 
the base of the 2N3553 to drive it to a 2.5 
watts CW output. Since the driver should be 
modulated to improve down-modulation, the 
needed drive for peak power output of the 
final is provided by peak modulated power 
from the driver. Usually, modulating the 
driver between 25 and 35% is sufficient. 

Potentiometers are shown in the modula¬ 
tion circuit to permit adjusting modulation for 
optimum performance. The pots can then be 
removed and replaced with fixed resistors 
after adjustment. Since die driver is being 
modulated the modulation to the final must 
be reduced, (i.e., driver modulation p us final 
modulation must not exceed 100%). 

. . . Thorpe 
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THE 



“The home of the originals’ 1 


NEWS 

Number 3 in a series 


Springtime is mobile "check-up" time ... 


Below is a check list to evaluate your Amateur mobile antenna installation. Circle 
number under each of the 5 categories which best describes your installation. 
Total these numbers and subtract the sum from 100. The balance remaining is 
your rating. Scores are listed below. 

This check list may also be used for new installations. Install your mobile an¬ 
tenna according to the lowest numbers and you'll get the best performance from 
your equipment. 


1. ANTENNA LOCATION 

Center of roof ..... 0 

Center of rear deck ___ 1 

Left rear top of fender ____ 2 

Right rear top of fender ___ 3 

Left rear side of fender __ 4 

Right rear side of fender __ _ _ 5 

Left front cowl or fender ___* 6 

Right front cowl or fender ___ 7 

Bumper mount—left rear __ _ - - .. 8 

Bumper mount — right rear ______ 9 

Bumper mount—left front ____ 10 

Bumper mount—right front *____ _ . _ 1! 


2. FEEDLINE BASE TERMINATION 

Split lead waterproofed_ _ 0 

Split lead not waterproofed _ 2 

Coaxial Connector _ _ _ 4 


3. 5-W.R. BRIDGE 

S.W.R. Bridge permanently installed _ 0 

S.W.R* Bridge available _ _ . 2 

S.W.R. Bridge — none _*_ 8 


4* S.W.R MEASUREMENTS 


S.W.R* Center Frequency 

1.2:1 

or less _ 

0 

of antenna as measured 

1.6:1 

or less 

1 

with a Ceseo CM-52 

2.0:1 

or less „_ . 

2 

or CM-52*2 Bridge. 

Over 

2:1 

5 


Over 

3:1 _ 

10 


5, GROUNDS 

Tail pipe ground at two points or more- 


heavy braid -^ . -- -- 0 

Tail pipe ground at two points or more— 

light braid - _♦*---- l 

Tail pipe ground at one point only- 

heavy braid _ _____ 2 

Tail pipe ground at one point only— 

light braid _ _____ 3 

Tail pipe—no ground -- 5 


Motor block ground two point or more- 

heavy braid . .... 0 

Motor block ground two point or more- 

light braid —----- 1 

Motor block ground one point—heavy braid 2 
Motor block ground one point—light braid 3 
Motor block—no ground ---- 5 


Rear deck hinges—ground braid heavy _ 0 

Rear deck hinges—ground braid light- 1 

Rear deck hinges—ground braid—none __ 5 


Hood-ground braid heavy ----- 0 

Hood-ground braid light ... 1 

Hood-ground braid—none ---- 5 


All ground braids brazed or soldered _ 0 

All ground braids bolted only _. __ 5 


100 HUSTLER MOBILE RATING 


Subtract total of 5 categories - 
THIS IS YOUR RATING 


Excellent 

Good 

Fair 

Poor 


96-100 
86- 95 
76- 85 
Below - 75 


NEW -TRONICS CORP. j3455 Vega Ave., Cleveland, Ohio 44113 
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ALL NEW from NEW-TRONiCS 


SUPER 




T.M. 


unbelievable mobile performance 

The Super Hustler has... 

High Power Capability — Capable of maximum legal limit on SSB. 

Widest Bandwidth - Better than ever. . . maintains minimum 
SWR over phone portion of 40, 20, 15, and 10, — 60 KC wide 
at 2 to 1 SWR on 75 meters. 

Low SWR — 1.1 to 1 or better at resonance... no special match¬ 
ing required. 

Proper Base Impedance —Nominal 52 ohms at resonance —no 
magic lengths of feed line or matching devices required. 

Low Frequency Drift — Frequency drift from heat held to abso¬ 
lute minimum. 


Here's 413 reasons for exceptional performance . 

Coil wire contains 413 individual conductors insu¬ 
lated from each other for top performance value. 



SWR chart and com¬ 
parative information 
supplied on request. 


See the new Super Hustler at your 
distributor NOW... get the facts. 
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Bill Hoisington KICLL 
For Over Farm 
Peterborough, N.H. 


A 75 Watt Compactron 

Twoer Linear 

Build this simple , inexpensive linear to 
multiply the output from your Twoer 25 to SO times . 


In response to many inquiries about the 
Twoer linears described in previous 73’s 1 , X 
designed another one using a modem, readily 
available, low cost tube that I’ve used before 
on six and two. I have had this linear on the 
air for some time now, and find that the 
change from the one watt Twoer output to a 
well-modulated 25 to 40 watt carrier is cer¬ 
tainly a worthwhile project for the average 
Twoer owner. 


L KlCLL'g oiler Twoer Jin ears were in the September 
19f>4 73 (used 8025 and 815) and January 1965 73 
(2C39). 


790* 



■ *V 4 500 
TO 
500 


Fig, 1. Schematic of the Compactron Twoer linear, 
Coil data is given in Fig, 2* 


Some notes on AM linears 

Information is available on good AM lin¬ 
ears, but you have to dig for it. I have been 
told that many large AM broadcast stations 
use AM linears and 1 do not doubt it. Any 
type of power linear amplifier requires a few 
simple adjustments, but they’re worth it to 
get an exact, well-modulated reproduction of 
the input—but 30 to 40 times stronger. As 
far as performance goes, typical reports have 
been: “excellent modulation,’’ “modulation 
clean, clear and crisp,’’ “recognized the Twoer 
modulation right away.” I have checked the 
RF output with light bulbs and find that 50 
watts input gives about 25 watts out. 75 watts 
in gives about 40 out with 85 to 100% modu¬ 
lation.- And no modification of the Twoer. 
Just plug it in and talk. 

Getting good results from an AM linear is 
easy if you adjust the following controls: 

1. RF tuning in the driver. The Twoer must 
be adjusted for best modulation. This is espe¬ 
cially true of the final grid and plate tuning. 

2. Some comments nljout that "85 to 100% modulation : 
many Twmxb modulate downward instead of upward* 
i hat is, modulation reduces thf? power output instead 
of increasing it. This b the "typical Twoer sound” re¬ 
ferred to. Thus this linear might well handle 100* / 
downward modulation, but s doubt that results would 
be completely satisfactory with 100% upward modula¬ 
tion and 50% efficiency. However, it’s very easy to 
cherk with a scope. See the article in the December 
1964 73, p. 28 by WSHHS (WlCER) for information on 
improving the modulation of your Twoer. WA1CGH 
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On the Twoer, these are internally adjusted 
controls, but once set. they can be left a 1 one. 

2. Variable drive to the linear, ( I. You 
might think this is unnecessary with the 
Twoer as a driver, but it can easily overdrive 
the linear. Note that Cl is insulated from 
ground. The length of the drive cable isn’t 
critical if you have a good match, but I used 
218". 

3. Grid bias. The most common type of 
grid bias for a linear is fixed bias. You could 
use that in this linear with a simple voltage 
doubler from the 12 volt filament line. How¬ 
ever, here I've used a rather rare type of bias 
supply that is only suitable ior AM linear 
service, not SSB linear, The amplifier is in 
AR2 drawing slight grid current. Phis recti¬ 
fied, furnished bias. The bias is kept stiff by 
the long time constant of the 100 k resistor 
and 250 gF capacitor in the grid circuit. Un¬ 
fortunately, this arrangement furnishes no pro¬ 
tection against loss of drive for the amplifier 
hibe since loss of drive means no bias and 
results in very high plate current and exces¬ 
sive dissipation in the tube. So make sure that 
the Twoer is always on when you turn on the 
B-|- for the linear. This type of amplifier often 
uses a damp lobe for protection. 

4. Screen voltage. This is important. Chang¬ 
ing the screen voltage results in changes in 
the modulation. The effect is quite noticeable 
with a variable resistor between B+ and the 
screen of the linear. Turning down the screen 
voltage increases the upward modulation per¬ 
cent. 

5. Output loading. You can just vary the 
coupling of the link between the linear plate 
tank and the antenna, but it is much easier 
if C3 is used, as you can then adjust the load 
while operating and listening. The combina¬ 
tion of a semi-adjustable link and C3 makes 
it easy to work with. Note that linears like 
heavy output loading. 

You must listen to the modulation when ad¬ 
justing the above controls. See the June issue 
of 73, page 20, for how to do this. It’s easy 
to do the job with a sine wave AF generator 
and an oscilloscope but lads with those items 
are generally not Twoer operators. 

Exact construction details 

I will guarantee that if you build the linear 
as shown in Figs. 1 and 2 it wall work. The 
easiest way is to start with a copper-clad 
baseboard and build up from there. Mount 
the vertical brass walls and the 12 pin socket 
(use a tan bakelite socket, not a horrible black 
one). Then solder (he four cathode leads and 



4 - 7“-- M 


Fig. 2. Layout of the 7984 Compactron Twoer 
linear. 


one heater lead to ground, and also the three 
bypass capacitors, two on the screen leads 
and one on the 12 volt heater pin. 

The input circuit of the 7984 is a little 
tough, but t got the best results on L44 MHz 
with a short heavy loop fixed-tuned to a quar¬ 
ter wave. This is LI in Fig. 1. t really does 
the job, with most of the quarter wave inside 
the glass bottle. Either loop of capacitance 
coupling may be used with it but i find the 
Cl variable as coupling and drive control to 
be best. 

I paid great attention this time to get the 
proper automatic bias for AM linear opera¬ 
tion. The use of a 250 gF capacitor across the 
100 k resistor really holds the bias in place. 
There is no difference in the modulation 
quality between this type of bias and fixed 
bias in AM linear service. I tried it several 
times. 

I put a small brass shield across the socket 
between the input (grid) and output (plate) 
side because Cl looked a little near the plate 
leads, but you can leave it out as no se!t- 
oscillation was found. 

The plate tank is similar to one already de¬ 
scribed with the addition of a larger antenna 
output link and C3. This greater amount of 
coupling allows C3 to be used as a variable 
loading capacitor, which makes it easier to 
adjust the plate circuit for heavy loading, one 
of the requirements for low distortion with a 
linear. Use a bakelite shaft extender on C2 
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and C3 to keep fingers off that 500 volts! The 
rear panel has the grid and plate meter jacks. 
Use shorted phono plugs in these after tune- 
up to free your meters for other service. 

Tune-up 

Check the Twoer for RF output as indi¬ 
cated in its instruction manual, Connect an 
RGA58-U cable from the Twoer antenna jack 
to the linear input 11 , and check for grid 
voltage on the 7984 with heater on but no 
plate voltage. The point between LI and the 
100 k resistor in Fig. 1 should be 28 volts, or 
near it. 1 his voltage will rise slowly, while 
charging the 250 mF capacitor. This is a nice 
feature as it leaves plenty of bias on the tube, 
just like a battery! 

Current through the grid meter jack and 
the 100 k resistor should be about J£ mA. 

It is best to appl\ plate voltage in steps. 
11 you don’t have a Variac put some resistance 
in series with the HV lead. Some 115 volt 
lamps in series are good for this. Just watch 
those fingers though! 

A good plate dip should result on rotating 
C2, with no load on J2. Plugging a 25 watt 
bulb into J2 should produce light immediately 
on turning on the HV. I generally “sneak up” 
on the 75 wall operation during tune-up. 1 his 
latter power calls for 500 volts and 150 mA. 

Screen voltage is ! 40 and screen current is 
5 mA. Due to the linear's preference for heavy 
loading very little plate dip will be found at 
the proper linear operating condition. Plate 


current at around 150 mA with the RF tank 
loaded a litle beyond maximum RF output. 
That is, with the beam in use connected, full 
plate voltage (whatever you have, 300 to 500) 
on, first load the plate circuit, via L3 and C3, 
for maximum RF output as indicated by a 
small pilot lamp, no. 48 or 49, 120 milliwatts, 
in series with a 1 to 5 pF trimmer across the 
output cable, or whatever means you have to 
indicate antenna cahlo energy. Do not allow 
this indicator to be coupled to the plate tank, 

Then, listening to your own voice modula¬ 
tion with a small monitor (you can use a 
tape recorder if you have one. which avoids 
the padded earphones), adjust the output 
coupling, L3 and C3, for a little more loading 
which will increase the plate mils, flatten out 
the dip, and decrease slightly the RF in the 
cable. Only a little, though. Retime the grid 
input for a check, and then leave it alone. The 
adjustments are very stable and unless you 
change beams you should have “excellent” 
modulation reports from then on. 

You can also use this same amplifier later 
for class C or SSB with only slight bias and 
screen voltage changes. 

On the air 

This has been pretty well covered in the 
modulation reports. The difference in S reports 
between the barefoot Twoer and the 40 watts 
out may surprise yon, though. Especially if 
you use another receiver and can hear the 
other DX like thev can now hear you I 

. . K1CLL 


Tapping of Pi-Section Inductors 


Since many amateurs design their linear 
amplifier around a favorite tube, only rarely 
is the plate resistance accommodating enough 
to allow the use of commercial inductors. So 
one has to move taps around and, more often 
than not, the end result is guesswork. I pre¬ 
sent here an almost foolproof scheme for tap¬ 
ping inductors that does not seem to be gen¬ 
eral knowledge. 

After completing the pi-section, compute 


the proper values for C, and C L » in the middle 
of each band. Then disconnect the tube from 
the pi-section and replace it with a composi¬ 
tion resistor of value equal to the plate re¬ 
sistance. Next on each band replace the vari¬ 
able capacitors Gj and C L > with fixed value 
types of the correct value for the middle of 
the band. Next tune vour exciter to the 

m 

middle of the band and connect it through 
an SWR bridge to the output of the pi- 
sectiou. Then applying drive commensurate to 
the wattage of the composition resistor, tap the 
inductor for minimum SW R. Do this for each 
band in turn. 

Thus 1:1 swr insures that the 50 ohm out- 
nut of the pi-section will match exactly the 
load resistance of the tube or in practice that 
the tube will match to the antenna. This same 
technique has many applications as for in¬ 
stance to match grid circuits for maximum 
transfer of power. 

. .. Chuck MacCluer W8MQW 
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NEW 



mr.350 


TRANSCEIVER 




BANDS 


OTHER FEATURES 


> 3.5 ■ 4.0 me, 7,0 ■ 7.5 me, 13.85 • 14.35 me, 
210 * 21 5 me, 28 5 • 29.0 me (10 meter full 
coverage kit available). 

> Transistorized VFO. 

> Crystal lattice filter. 

> ALC . . . AGO . . . S Meter. 

> 5 Vi in. high, 13 in wide, 11 In. deep. 

* 400 watts SSB input. 

> Lower sideband on 80M and 40M. Upper sideband 
on 2QM. 15M, and IQM. (Opposite sideband kit 

available) 


400 WATTS 

$420 



ACCESSORIES: 

• AC power supply, matching cabinet with 
speaker. Model 117-C 


$ 95 


IMMEDIATE 
DELIVERY! 

PERSONAL 
INDIVIDUAL 
SERVICE 
GUARANTEED 

WE WANT YOUR BUSINESS 

ORDER 



AREA CODE 806- POrter 2-8759- 1320 19TH ST LUBBOCK. TEXAS 79401 
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A Better Sideswiper 

for 

Electronic Keyers 


Ed Marriner W6BLZ 
528 Colima Street 
Lo Jolla, California 


The local radio parts store, and metal sup¬ 
ply have enough simple parts to build a good 
sideswiper for electronic keys. This idea is 
better than a makeshift key using a hacksaw 
blade or tearing up a regular telegraph key. 

All of the parts for the key are mounted on 
a lead base to keep the key solid on the oper¬ 
ating table. Lead is also easy to drill and tap, 

Ed has been licensed since 1931 with one 
call-\V6BLZ . lie is a System Engineer for the 
U.S. Naval Electronics Lab in San Diego and 
has had 350 articles printed in various maga¬ 
zines. 




DOWELS 


Fig. I. W6BLZ's sideswiper for electronic keyers. 
The bose is mode from lead molded in o sordine 
con. 


and should offer no problem lor the home 
constructor. The mold is made from a sardine 
can, and the round corners give a pleasing 
appearance to the key. 

Construction 

First go to the grocery store and select a 
nice can of sardines, and a size suitable to 
your liking. Dispose of the sardines and trim 
die metal off to the edge of the can and clean 
it out thoroughly. Heat some lead in a small 
crucible or small skillet and pom die lead into 

the can. When the lead has cooled, tear awav 

T # 

the tin by using pliers or diagonals. Any 
roughness left on the surface of the lead can 
easily be filed away with a rough file, and 
then smoothed with sandpaper. Use the bot¬ 
tom side of the can for the top of the base. 
Spray the base with lacquer after all of the 
holes are drilled and tapped. 

To make construction simple, the contact 
leads are fastened to a Jones type barrier strip 
mounted on the base by tapping in 6-32 hold¬ 
ing screws. All of the radio brackets are found 
in the Walsco displays in the parts store. The 
brackets are all fastened by tapping into the 
lead. The two front contacts for dot and dash 
are mounted on an insulated dowel of either 
fiber or wood, which have been driven into a 
% inch hole put in the lead. 

The contacts for the key are made simply 
from 8-32 machine screws. These were used 
because the hole in the 90 degree bracket is 
just the right diameter for tapping 8-32 
threads, and makes a good adjustable contact. 
A cap head type screw is best so that it will 
clear the 6-32 head holding the bracket to the 
base. 
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- this is the new Clegg “66'er”- 

plenty of power, fixed or mobile 
operation—all the features 
you’d want in a top quality, 

6-meter transceiver. 


Just look ct what you get in tins compact, 

high-power, ultra-sensitive successor to the famed 99’er. 

SUPERSENSITIVE RECEIVER * Duel conversion design with sharp 8 KC selectivity for freedom from 
birdies, tweets and spurious signals. * S Meter doubles as tuneup meter for transmitter. * Full 
49,9 to 52.1 me coverage for accurate dial readout-excellent band spread. • Sharp cut-off, adjust¬ 
able squelch. • Excellent AGC performance. • RF stage provides optimum usable noise figure- 
freedom from cross modulation and overload. 0.5 uv sensitivity captures weakest signals. • 2 watts 
audio output with internal speaker. Provision for external speaker. * Effective automatic noise 
limiter. 

POWERFUL TRANSMITTER • High efficiency. 22 watt final amplifier, driven by straight-through am- I 
plifier for low-low harmonic output. • Dual self-contained, solid-state power supply for both 115 
VAC or 12 VDC operation. • Push-to-ta!k with provisions to automatically switch Apollo Linear 
and external VFO. • Broadband, multi-tuned exciter stages for rapid QSY and freedom from 
spurious outputs—no TVI problems I • High level modulation wiili speech clipping for top talk 
power. • Transmitter frequency spotting switch. • Operated with B.3/12.5/25 me crystals. 

Ideal for MARS, CAP. Wide variety of accessories for CD application. See the Clegg ‘'BB’er" today. 
$249,95. Microphone $10.50. Squires-Sanders, inc., 73 Martinsville Road, Millington, N. J. 07946. 




A % inch % metal brass bar was obtained 
at a metal supply house for the lever arm. It 
is fastened to the base by attaching a small 
brass hinge which has been sawed in half. 
Having tried all of the pivots and bearings, 
the cheapest and best turned out to be this 
hinge which only cost 40 cents for a set of 
four. Any slop in motion can be corrected by 
pinching the metal going around the pin. It is 
better to attach the hinge to the lever with a 
screw and then drop a bit of solder on it with 
a small torch or large soldering iron. The 
particular hinge was type #5075XG, manu¬ 
factured by the Brainerd Mlg Co. Kast 
Rochester, N.Y., it is a 21 inches x % wide, 
solid brass butt type hinge. 

Two holes were drilled into each side of 
the lever arm to accept the ends of the ten¬ 
sion springs to keep them in line. The springs 
were found in a hardware store and had a 
light tension. They could be taken ofl frofn 
surplus relays. The springs should be soldered 
on to the ends of the adjustment screws going 
through the bracket. 

Adjustment 

Once the key is finished, insulated wires 
can be run back from each contact to the ter¬ 
minal strip. Since the base is ground, a screw 


can he run through the middle terminal screw 
and tapped into the base making it necessary 
to only run two wires from the contacts. The 
two springs can be used to center the lever 
arm, or stops can be screwed into the base to 
suit the operator adjustment. 

This kev is easy to make, functions 
smoothly and looks a lit tie better than many 
other make shift devices used for keying the 
automatic keyers. Besides, think of (he en¬ 
joyment Pussy Cat will get eating all those 
sardines! 

. . . W6BLZ 



Source of the mold for the base of the key. 
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Dr. Howard Klein WB2EPG 
123-60-83rd Ave. 

Kew Gardens, N.Y. 11415 


Replace Your 
BH ? s with 572B’s 
—The Right Way 

1 >ue to the popularity of the 811 tube in 
both commercial and homebrew 1 inears sev¬ 
eral manufacturers produced a replacement 
for the 811 s capable of greater plate dissipa¬ 
tion and in general a more rugged tube. This 
was the 572. With its introduction several 
years ago there were several references lo the 
exchange of 811s for 572 s. All of the refer¬ 
ences I had seen merely suggested the re¬ 
placement of the existing 811’s with the 572’s 
without any further change. This seemed like 
an easy way to increase power without effort 
and with small expense. How this increase in 
power was actually achieved was given little 
thought. 

In my rig which used four 8 I Is, the power 
supply, a conventional full wave bridge rec¬ 
tifier circuit, delivered 1700 volts at no load 
and 1500 volts at 600 mA. By replacing the 
811s with 572’s the output was found to be 
substantially the same but the odd order dis¬ 
tortion products were found to have increased 
markedly. The only discernible advantage 
was that the 572’s showed no color on the 
plates. 

Alter some thought and a perusal of the 
spec sheet on the tube, available from the 
manufacturer, the following changes were 
made. It was first deemed necessary to raise 
the plate voltage on the tube to about 2500 
volts. This was done by jumping the input 
choke which raised the no load voltage to 
2700 volts in my case. At the same time it 


was necessary to increase the filter capacitor 
rating to a safe working voltage. [ originally 
had five 100 uF electrolytics rated at 450 
working volts in series shunted by 100 k re¬ 
sistors. 1 added three more similar electrolyties 
and shunted each of these with like resistors. 
The transformer as used originally had a dual 
winding secondary, ior 11 plus and filament 
voltages. Since this was felt to he poor design 
nn .in ilmn rfl filmier it transformer was incor¬ 


porated. T in’s also allowed the original trans¬ 
former to operate without saturating under 
full load. 

Under these conditions the rectifiers must 
he carefully evaluated, particularly il they are 
solid state. In my power supply I have three 
silicon diodes each rated at 1700 piv and <50 
mA and each shunted by a 470 k resistor and 
a .01 uF capacitor in each leg. It is also pru¬ 
dent to place a .003 silver mica capaci- 
tator of sufficient voltage rating across the 
transformer secondary. 

A further change: 811's are usually oper¬ 
ated with about 4.5 negative volts of operat¬ 
ing bias. The tube manufacturer for the 572 
recommends zero bias so the 4.5 volts was 
removed. 

If the preceding conditions can satisfac¬ 
torily be achieved the limiting factors now 
become the plate transformer, the exciter driv¬ 
ing power and the FC1C. To drive Four 5721 ds 
to a kilowatt input about one hundred watts 
is required allowing for circuit losses. Under 
test conditions into a dummy load the tubes 
were loaded to one amp. I he plate voltage 
dropped from 2700 volts at no load to 2200 
volts at one amp. The output as measured 
with a wattmeter showed 1400 watts. This is 
an efficiency of about 64%. Under actual on 
the air conditions the rig is loaded to 400 mA 
while the plate voltage is 2250 volts. 

The removal of the choke raised questions 
as to the adequacy of the regulation. However 
the voltage variation was found to he within 
tolerable limits. Operating both in the SSB 
and CW mode, checks made with a scope and 
on the air indicated the signal was clean and 
free of excessive distortion products. 

An excellent source for these tubes is Scien¬ 


tific Instrument Co. of Union, New Jersey. 
The price is $12.50. In a recent communica¬ 
tion with the manufacturer, it is stated that 
the tubes have been further improved, the 
exact nature of which will soon be forth¬ 


coming. Waters Manufacturing also distributes 
572B's. 


. . . WB2EPC 


Photo courtesy of Scientific Instrument Co. 
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Who says YOUR SHACK 

can’t be WIFE APPROVED ? 



Shown above is Ray Grenier, K9KHW, and his wife, Margaret. As you can see by 
the smile on Margaret’s face, his new living room Ham Shack is definitely Wife- 
Approved. Approval was secured by the use of the new Design Industries Diplo¬ 
mat Desk ($139.95), and of course. Modern Equipment. Incidentally, Ray is the 
manager of Mail Order Sales at AMATEUR ELECTRONIC SUPPLY - should you 
be in the market for such a desk, or any New or Reconditioned Equipment, etc., 
be sure to get his deal before you do business. 


AMATEUR ELECTRONIC SUPPLY 



4828 WEST FOND DU LAC AVENUE Q.ee 
MILWAUKEE, WIS. - 53216 PH. (414) 442-4200 

IMPORTANT! — Be sure to send all Mail Orders and Inquiries 
to our Milwaukee store, whose address is shown above. VISIT - 
Please do not write the following Branch stores — they are set up 
to handle walk-in trade only. 

CHICAGO, ILLINOIS I ORLANDO, FLORIDA 32807 I 

6450 Milwaukee Avenue I 19 Azalea Park Shopping Center I 
Phone (312) 763-1030 Phone (305) 277-8231 I 
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Joseph Zelle W8FAZ 
1227 Addison Rood 
Cleveland, Ohio 


ALUM'NOV T 


10 METERS 


20 METERS 


15 METERS 


Fig, 2, Dimensions and construction of UBSUG's 
all-band vertical. 


Fig. 1. Standing wave distribution for harmoni¬ 
cally related even modes of excitation. Note that 
these curves ore theoretical and assume equal 
power on the frequencies, constant efficiency, no 
mismatches and no ground plane effects. 


GROUNCHPLANE 

RCMNT 


90 METERS 


GROUND PLANE 
ELEMENTS 


COMMON POINT 
RF FEED 


40 METERS 


•COAXIAL CABLE 


l - 




.OPEN END 
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For i lie past few years, UB6UC of Kiev, 
has been operating a miilli-bancl vertical an¬ 
tenna that requires no switching and no traps. 
Moreover, the antenna is excited by a single 
rf feed line. In theory, the antenna system is 
quite straightforward, but the construction 
does require some ingenuity. 

basically, the system acts as two antennas. 

1 he frequency of operation determines which 
mode will take over. On eight) meters, it oper¬ 
ates as a half-wave vertical, with the ground 
plane elements tending to act as a hat.” This 
effect improves the current distribution both 
on (eighty and forty meters for low-angle dx. 

On twenty and fifteen meters, the upper 
portion operates as a ground plane antenna. 
On twenty, the protruding rod acts as a 0.5 X 
radiator, while on fifteen as a 0.625 X radia¬ 
tor. Good enough results have also been ob¬ 
tained on ten meters. 

Probably the system could he extended in 
both directions, with some additional timing 
arrangements to operate on one hundred sixty 
meters and six meters. Approximate theoretical 
standing-wave distribution for the five main 
ham bands is illustrated in Fig. 1. 

Like the horizontal Windom all-band an¬ 
tenna, the point of input feed represents a 
compromised low impedance point for all the 
hands. The exact point, together with all the 
other dimensions, is shown in Fig. 2. An SWR 
of 3:1 to 3.5:1 on eighty is reported by 
UB5UG. On forty, twenty, and fifteen meters 
it is around 1.5:1, and is 2:1 for the ten 
meter banc!. Most efficient radiation occurs in 
the twenty and fifteen meter bands. 

Not much is said about the physical aspects 
of the antenna, ’he basic vertical length con¬ 
sists of 72 olim coaxial cable. The feedline is 
also 72 ohni coaxial cable. Above the vertical 
coax section is a 28-foot rod of U 2 inch tubing. 
Ground plane elements consist ol antenna 
cabling mounted on hazelwood beams. 

As a self-supporting vertical radiator, the 
antenna may present some formidable prob¬ 
lems. Probably the simplest solution would lie 
a wooden pole with wooden cross-arms. The 
cables and rods could then be mounted to this 
frame via stand-off insulators. To the ambitious 
and enterprising radio amateur confronted 
with such a vertical solution to his antenna 
problem, the actual structure should be just 
another challenge, 

. . . W8FAZ 


This article based on an item in Soviet Journal, 
R.4DJO, No. 9. 1960. page 44. entitled “Five-band Ver¬ 
tical Antenna,” by Y. Myedinvets (UB5UG). 


VALUABLE books from E.&E. 


great “how-to-build"data in the famous 

RADIO HANDBOOK 

Tells how to design, 
build, and operate the 
latest types of amateur 
transmitters, receivers, 
transceivers, and am¬ 
plifiers, Provides ex¬ 
tensive, simplified theory on practically every 
phase of radio. Broadest coverage; aU origi¬ 
nal data, up-to-date, complete. 816 pages. 
Order No. 166, only . $9.50 

RADIOTELEPHONE LICENSE MANUAL 

Helps you prepare for all coin iner- 
cial radio-telephone operator’s 
license exams. Provides complete 
study-guide questions and answers 
in a single volume. Helps you un¬ 
derstand fully every subject you 
need to know to obtain an opera¬ 
tor’s license. 200 pp. Order No. 030 f only . $5.75 

LEADING BOOK ON TRANSISTORIZED 
COMMUNICATIONS EQUIPMENT 

TRANSISTOR RADIO HANDBOOK, by 

Donald. L. Stoner , W6TNS, Lester 
A. Earnshaw, ZLlAAX. Covers a 
wide range of communication uses 
for both amateur and commercial 
applications. Includes audio and 
speech amplifiers, VHF transmit¬ 
ting and receiving equipment, SSB exciters, 
and complete SSB transceivers. 180 pages. 
Order No. 044, only .. $5.00 

HOW TO CONVERT SURPLUS RADIO GEAR 
INTO AMATEUR AND CB EQUIPMENT 


HAKS151QB 
MvT :• 

% 

e 





Here is a wealth of conversion data 
in 3 volumes; includes photos, dia¬ 
grams, instructions. 

Vol. 1. Covers: BC-221, BC-342, BC-312. 
BC-348, BC-412, BC-645, BC-946,SCR274 
(8C-453A & BC-457A series). SCR-522, 
TBY, PE-103A, BC-1068A/1161A. etc. 
Order No. 311, only ...$3.00 

Vol. 2. Covers: BC-454, AN/APS-13, BC-457, ARC-5, 
GO-9/TBW, BC-357, 8C-946B, BC-375, LM.TA-12B, 
AN/ART-13. AVT-112A. AM 26/AlC, ARB, etc.Order 
No. 322, only .$3.00 

Vol. 3. Covers: APN-l.APN-4, ARC-4. ARC-5, ART-13, 
BC-191,312,342,348, 375,442,453, 455,456-459, 
603, 624, 696, 1066, 1253, CBY-5200, COL-43065, 
CRC-7. DM-34, DY-2, DY-8, FT-241A, MD-7/ ARC-5. 
R-9/APN-4, R-28/ARC 5. RM-52-53, RT-19/ARC-4. 
RT-159, SCR-274N, 508, 522, 528,538, T-l5 toT-23/ 
ARC-5, URC-4, WE-701-A. etc. No. 333, or?/y. .$3,0O 

Order from your electronic parts 
distributor or send coupon below. 



EDITORS and ENGINEERS, Ltd. 


1 


P.O, Box 68003 , New Augusta, Indiana! Dept, 73 E 7 

Ship me the following books: 

□ No, 166 □ No. 044 □ No, 322 

□ No, 030 □ No, 311 □ No, 333 __encL 

Name_ 

Address __ 


1 

l 

i 

i 

i 


City. 


.State. 


.Zip. 
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Don Miller W9WNV 
DXploring 



Maria Teresa Reef seems to be pretty moist. Don 
is shown here setting up his vertical on the dry 
part of the island. That isn't sand around the rock; 
Don operated with his feet in the water. The boy 
isn't identified. 



To the left is Don setting up his gear (note the 
foam rubber pillows) on Minerva Reef, where he 
operated as IM4A. Above is a shot of part of this 
luscious tropicol island. How would you like to be 
shipwrecked there? 



Here's Don operating 1M4A. 



Here's Don operating F08M on Maria Teresa. 
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HEADQUARTERS FOR DRAKE-SBE-SWAN 



SB-34 



350 



TR-4 


Use our tailor-made 
time payment plan. 


DRAKE 

TR 4 Transceiver 599,95 

T 4X Transmitter 399.95 

T 4 Reciter 299.95 

R 4A Receiver 399.95 

AC 4 AC Supply 99.95 

MS 4 Speaker 19.95 

DC 3 DC Supply 149.95 

MMK 3 Mobile Mount 6.95 

L 4 Linear Amplifier 695.00 

RV 4 Remote VFO 99.95 


SIDEBAND ENGINEERS 


SB 34 Transceiver 

395.00 

SB LA Linear Amplifier 

249.50 

SB 2 MB Mobile Mount 

12.50 

SB2 VOX Vox Control 

34.50 

SB 2 XC Calibrator 

24.50 

SBE Mic Microphone 

14.50 

SWAN 


350 Transceiver 

420.00 

117JC AC Supply/Speaker 

85.00 

14-117 DC Supply 

130.00 

250 6 Meter Transceiver 

325.00 

Mark 1 Linear Complete with Tubes 543.00 

f -"\ 

1 Write tor our Special 1 

1 Transceiver Packet 


_ J 



Hi OM: 

Yes indeed, we are the headquarters for Drake, SBE 
and Swan. We are moving these fine radio products in 
large quantities. As a result, we usually have complete 
stocks including accessories and can make immediate 
shipment of your orders. 

73, Stan Burghardt W0BJV 


TRANSCEIVERS PRICE* 

COLLINS KWM-2A# 10337 Transceiver (like new) 1095.00 

DRAKE TR-3 Transceiver, AC & DC Supplies 549.00 

DRAKE TR-4 Transceiver, AC & DC Supplies 689.00 

GALAXY III Transceiver, AC supply & speaker 299.00 

NATIONAL NCX-3 Transceiver, AC Supply & Speaker 299.00 
SBE SB-34 Transceiver. VOX, Calib. & Mike 429.00 

RECEIVERS 

COLLINS 75A3 Receiver & Speaker 249.00 

DRAKE LF-1 Low freq. Adaptor 10.00 

GONSET GR-212 Receiver 69.00 

HALLfCRAFTERS S-40B Receiver 49.00 

HALLICRAFTERS SX 99 Receiver 79.00 

HALLICRAFTERS SX-115 Receiver 349.00 

HAMMARLUND HQ-170 Receiver 189.00 

LAFAYETTE HE-10 Receiver 69.00 

NATIONAL NC 88 Rece ver 69,00 

NATIONAL NC-105 Receiver 89.00 

RME 4350 Receiver 109.00 

RME 4350A Receiver 119.00 

SSB EXCITER5-TRANSM9TTERS 

CENTRAL ELECTRONICS 10A, QT-1, 458 VFO, 160. 80, 

40, & 20 mtr coils 99,00 

HALLICRAFTERS HT-32 Transmitter 289 00 

TRANSMITTERS 

COLLINS 32V-1 Transmitter 109.00 

ELMAC AF-67 Transmitter 49.00 

GLOBE CHIEF 90 Transmitter 29.00 

GLOBE CHIEF 90A Transmitter 34.00 

GLOBE CHIEF DELUXE Transmitter 39.00 

HEATH DX-100B Transmitter 109.00 

HEATH HG-10 VFO 29.00 

HEATH MT-1 Transmitter & HP-20 Supply 69.00 

JOHNSON RANGER Transmitter 99.00 

JOHNSON VIKING I Transmitter 49 00 

JOHNSON 122 VFO 19.00 

JOHNSON 500 Transmitter (4-400 tubes) 375.00 

UNEARS 

JOHNSON COURIER 119.00 

MISCELLANEOUS 

CHANNEL MASTER 9524C Automatic Rotor 15.00 

COLLINS F455J31 3.1kc Mech. Filter for 75A4 rec. 19.00 

COLLINS F-455-FB21 Mech. Filter & Crystals 25.00 

COLLINS 302C-3 Wattmeter (new) 119.00 

COLLINS 312B-5 Console (like new) 275.00 

COLLINS 516F-2 AC SuDply (like new) 95.00 

HARVEY WELLS 2 MATCH Antenna tuner 49-00 

MILLEN 92201 Transmatch JR. 49.00 

NATIONAL NCX-A AC Supply 85.00 

TENNA Heavy Duty Rotor (new) 29.00 


*LESS 10% FOR CASH AND NO TRADE 


WRITE FOR LATEST REVISED BULLETIN 

ISSUED MONTHLY 

Box 37A Watertown, So. Dak. Phone 605 886-5749 



America's Most Reliable Amateur Dealer, 


JULY 1966 


7/ 


































































Gus Browning W4BPD 
Cordova, South Carolina 


Gus: Part 13 


The operation in Monaco was a success and 
everyone knew I was on my way. Even had 
a FB QSO with Harvey Brain VQ9IIB to let 
him know I was on my way to the Seychelles 
and to have the man who owned the boat 
have it all shipshape to depart when 1 arrived 
there. 1 made a few stops along the way 
between Monaco and Bombay. Met some of 
my old friends in Cairo, Beirut, Aden, a lew 
others. Finally arriving in Bombay a lew days 
before the S,S. Kampala was to depart for 
VQ9 land. The usual way to get to VQ9 
land is by way of Mombasa, Kenya. This is 
a little cheaper than by way of Bombay, but 
I tried to get reservations on one of the boats 
six months in advance and was informed that 
all reservations were filled up for over a year 
in advance. It seemed ti t every YU2 that 
was living in Africa was on a one way trip 
back to VU2 land. Apparently they were of 
the opinion that things were not going to be 
good for them in Africa any more and they 
were going back to their mother country. 
Passage was arranged very easily Irani Bom¬ 
bay to the Seychelles. In fact the boat seemed 
to be about only half filled. 

Remember the da\ ! departed from Idlewild 
we shipped a number of items via air freight 
to Bombay for reshipment to VQ9 land on 
the SS Kampala along with me. It was good 
I got in Bombay a few days before sailing 
day because there was nothing at the airline 
offices for me at all. Mind you I had been 
delayed in arriving in Bombay about twelve 
days, and I arrived about four days before 
departure date for the Seychelles. Even with 
all this extra allowance for air freight ship¬ 
ment delays, etc., nothing had as yet arrived 
in Bombay. 1 could not possibly depart on 
that boat unless I saw my power plant and 
the other material on the ship. It would have 
done me no good to arrive on the island with¬ 
out at least the power plant which I was 
going to use at Aldabra. It took a lot of DX 
telephone calls to finally locate the air freight 

shipment. It somehow had been offloaded in 
Karachi and was just laying there for some 
strange reason. To be truthful every experi¬ 
ence I have ever had with air freight ship¬ 
ments were always like this. The shipment 


arrived in Bombay one day before sailing 
day to the Seychelles and on top of that it 
was a lega! holiday. Now you try getting some¬ 
thing from Indian Customs on one of their 
holidavs when customs are closed up. Then 
I had to pay extra for a customs guard to come 
along with tl it’ shipment to be sure it was 
put on the ship and that it did not end up 
in India. You don’t fool these Indian customs 
fellows, they trust no one at anytime under 
any condition. Now all of this monkey business 
cost quite a few extra rupees. I was tlie one 
who ended up paying all this of course and 
also the DX phone calls too. I tell \ou these 
unexpected costs will eat a big hole in your 
pocketbook. Trying to keep an exact account 
of such expenses are a real headache and I 
suppose 1 have lost quite a good sized sum 
of money in trying to keep a record of ex¬ 
penses. You have the extra trouble of trying 
to keep your records in dollars and spending 
rupees, and every time you move those hands 
are out for backshee (tips), and these people 
are real professionals when it conics to extract¬ 
ing the last rupee from you. 1 was lucky in 
Bombay to have met Dadv VU2MD, Tipi 
VU2TP, VU2RX and VU2CQ. They took very 
good care of me with transportation all the 
time to wherever I wanted to go, and they 
knew all the shortcuts in dealing with their 
people or I suppose i would have ended up 
spending a lots more than I did. These VU2 
boys were very wonderful to me and knew 
how to roll out the Red Carpet. Later on i 
found that every one of the Indian Radio 
amateurs was the same way. They will do 
anything in the world for a fellow ham. After 
spending a few days in Bombay I could easily 
see where the expression the “masses of India” 
came from. You cannot picture in your mind 
the amount of human beings you see on the 
streets of Bombay. Later on I found that 
Calcutta was like Bombay only multiply what 
vou see bv about 3 and von have some idea 

v -a* * 

what a tremendous amount of people there 
were on the streets. 1 soon found out to not 
give any rupees to the beggars on the street 
because before you can bat your eyes there 
are a hundred where the\ came from. About 
the best way, at least with me, when the 
beggars approached you were to look straight 
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ahead and not ever even let them know that 
you see or hear them. Trying to overcome 
the giving of backshee to them is a very 
difficult thing to do. It's sort of like trying 
to plug up a dike made of screen wire with 
a few toothpicks, the little relief you give is 
su insignificant you may as well not even 
bother. At least that’s how it seemed to me. 

You want service in a restaurant, just go t> 
an Indian restaurant, there are usually more 
servants than there are tables and when you 
get ready to leave it seems like everyone of 
them waited on you. I mean when you see 
all the hands sticking out for their tips. The 
Airlines Hotel in Bombay is a pretty good 
place to stay when you are there, their prices 
are fair and, boy, you do gel service. The 
day to depart from Bombay arrived and the 
usual rush down at the boat took place, cus¬ 
toms was cleared, everything that was shipped 
by air freight was placed in my cabin, every¬ 
one was paid off, I shook hands with the VU2 
fellows, the anchor was lifted and we were 
away for the Seychelles. At that time the fare 
was around $120.00 for one way passage from 
Bombay to YQ9 land. This was tourist class, 
the cabins were verv clean and the service fine. 

! met a man from Zanzibar who had gone 
back to Pakistan to see some of his relatives 
along with his family. He had a brand new 
Mercury car that he was taking back to Zan» 
zibar on board the ship. I told him that I 
might get back to Zanzibar and he insisted that 
1 make his home rnv home when I arrived 
in Zanzibar. He was in the ivorv business 
and from what I saw of him and his familv 
he was very successful. I still have his ad¬ 
dress and telephone number in my little white 
book. But since reading all about what hap¬ 
pened down in Zanzibar the past few years I 
guess he is not there any more. Maybe he 
was lucky enough to have escaped the fate 
of some of the others that I read about. I 
often find myself wondering about him and 

his very nice familv. If any Americans ever 
* ■ » 

get back into that country to do any operat¬ 
ing I will be very much surprised. That is 
not unless there is a big change in their atti¬ 
tude from what it seems to be at this time. 
When I was in Zanzibar a few years before 
things were so peaceful and quiet, and every¬ 
one seemed to lie doing such a fine business. 
Maybe some day T will get another chance to 
go there if for no reason other than to see 
if there has been many changes from what it 
was when I was there. 

For the benefit of anv of von fellows who 

* * 

have never made an ocean voyage on a large 
ship, let me tell you that you have missed 
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No say the buyers of 73’s fast growing 
want ad section. Caveat Emptor? CE’s low 
price of $2 for 25 words (non-commercial 
ads) brings excellent results. You know why. 
73 is read by the active, money-spending 
hams. Our want ads are the cheapest, and 
they're also set in clear, easy-to-read type 
with lots of space between them. And we're 
not nasty about the length, either: round the 
price off to the nearest dollar ($1 minimum) 
if you have more or fewer than 25 words. 

We don’t encourage businesses to advertise 
in Caveat Emptor? since 73’s regular space 
rates are so low—as little as $18 for a l/16th 
page display ad. But if you insist, the charge 
is $5 for 25 words, or $50 in advance for 25 
words per month for a year. 

A few hints for your ads. Type your copy. 
Don’t abbreviate since you pay for words, not 
space. Include your full name and address as 
well as your call; not all hams have a Call- 
book, though they certainly should. We put 
the first few words in bold face capitals, so 
make them attract attention. Don’t put “For 
Sale” in the ad; everyone knows that's what 
the ad is for unless you say otherwise. 

Please type your ad on a large, plain piece 
of paper. 

Send money and ad to: 

t- 

Caveat Emptor? 

73 Magazine, Peterborough, N.H, 03458 
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some of the most pleasant things in this world. 
The meals on these ships are out of this 
world. Three or four different kinds of meat 
for every meal and everything else that goes 
towards making some of the finest eating you 
will ever have. You know when you pay them 
the S I 20.00 for the boat passage you are also 
paying for all the food for the entire trip. 
If time is not a pressing matter with you 1 
cannot over emphasize or over-recommend that 
you take a boat trip the next time you go 
overseas. Setting up there on the sun deck 
watching llie flying fish sail away when the 
ship approached them, and occasionally seeing 
a whale blow in the distance, or just watching 
the sea gulls following the boat makes things 
so peaceful and restful. Every morning usually 
you could see any number of porpoises parad¬ 
ing along with the boat usually in schools of 
three or four. The trip from Bombay to the 
Seychelles took five and one half davs and I 
must sav they certainly were very restful days. 
Every night there was a movie and afterwards 
there was dancing with the orchestra. They 
even played some twist music and this did 
liven up things a bit. Everyone played many 
different games all during the day. All I can 
say is "lake yourself an ocean trip by boat.” 

Remember the only way to get to VQ9 is 
by boat either from Bombay, Karachi, or 
Mombasa. Ships sail about once per month 
and occasionally during certain months twice 
per month. I tried talking the wireless operator 
into letting me do some “maritime mobile" 
but could never get to first base. The fellow 
that the boys from Kansas City and I met 
before either was not working on I he ship 
any more or was on leave. I even talked to 
the captain about it and he just could not 
understand why a fellow would want to 
operate from a ship out in the middle of the 
Indian Ocean. T finally gave up on this and 
just acted like all the other passengers on 
board. I sat back in the deck chairs, drank 
my tea twice daily, was first in the dining 
room when they rang the bell, went to bed 
each night early and read a lot of books from 
the ship's library. The trip was enjoyable and 
I arrived at VQ9 in a very rested up con¬ 
dition. But I would have preferred it a lot 
more il I could have been operating \\ IB PD 
MM I am sure. I was busy getting my logs in 
order, writing a few letters, and sort of going 
over the equipment. T wanted everything to 
he “go” when 1 arrived at Y'Q9 and was 
hoping that Harvey and fake (the owner of 
the boot) would have everything ready to go 
also. 

Early in tlte morning of the fifth day, Malic, 


the main island of I lie Seychelles group, was 
sighted off in the distance, first as a sort of 
long mountain peak sticking up out of the 
water with a few of the other smaller islands 
nearby as smaller mountain peaks. As the 
ship drew closer the mountain gradually 
changed into the general shape of an island. 
A little later on the palm trees and then the 
beaches could be seen with the breakers 
breaking on the beaches. I’he Kampala being 
a fairly large ship always anchored out in the 
deep channel about one mile away from the 
end of the long pier. Many of the island boats 
always come out to meet the ships 1 r n t , 
anchor in the channel. Some pick up the pas¬ 
sengers that are leaving the ship at Malie, 
and also the ship passengers who want to come 
ashore to do a little shopping and sight seeing, 
file ship always stands at anchor for six or 
eight hours giving everyone plenty of time 
to come ashore and get hack on board to con¬ 
tinue on their way to Mombasa. The little 
passenger launch picked up the few that was 
leaving the ship, I think there were only 
about four on this stop. 

When the passenger launch stopped to 
drop its off at the customs and immigration 
office on the long pier, good old Harvey 
w'as there as usual waiting for me. To me 
each moment was a little bit more exciting 
then the one before, knowing that all the 
DXers back home were scanning the bands 
for my signal. It has always been a thrill to 
me to know I had so manv friends and let’s 
call them “Gus Watchers” tike W6ISQ (I 
love them dots) wrote about some time ago 
in QS I’, This fact never leaves my mind when 
I get overseas, and i try my darndest to 
appear on the bands as often as possible lie- 
cause I don't want to let them down. I remem¬ 
ber the many hours I have spent back at 
W4BPD waiting for some rare DX station 
to appear. Many times of course f have been 
disappointed because some of the stations or 
these expeditions just were not dependable 
w hen it came time for them to appear on the 
bands. T very badly wanted bv reputation to 
be one that could be depended upon to be on 
the air especially when skip was at its peak, 
both before and after the peak had come and 
gone. You DXers remember when 1 am on 
DXpeditkm I am actually more anxious to 
work von than von are to work me. I have lots 

w * 

more at stake then anv one station has. 1 

* 

always remember that lots of money has been 
spent getting me lo these rare spots and I 
want everyone to feel that thev have not 
spent their money uselessly. 

Immigration and customs were no trouble 
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DURING THE SUMMER MONTHS, WE WILL INSTALL 

YOUR SWAN MOBILE RIG FREE! 

As an inducement to have you visit with us during the summer months 
and browse amongst otn large stock, we offer a summer special of free 
installation of any mobile rig purchased. You merely pay for the rig of 
your choice in the conventional manner and if properly scheduled, we will 
install this equipment at no cost to you. Our experts can make a typical 
installation in about 45 minutes and so if you will schedule in advance 
with us the approximate time of your arrival and the date, telling us what 
you want, the rest can be left to us and we will do a professional job for 
you. Of course we cannot RFI the car at no charge but we will do a 
clean, professional job of installing your new Swan 250, 350, or 400 and 
get you on your way in the shortest possible time. The area around Har¬ 
vard is steeped in history and is particularly beautiful during the summer¬ 
time. This is not a city and we are some 35 miles northwest of Boston. 
You may find it convenient to fit Harvard into your schedule if you are 
on your way to New Hampshire or Maine for your vacation. 

During the time that the gear is being installed or that you are palaver¬ 
ing inside, the kids can have fun with Susan, our stump-tailed chimpanzee 
or watch our many Italian greyhounds frolic in the open field. 

To make things easier, we have prepared pre-cut lengths of coax and 
power leads so as to fit each kind of vehicle. Of course, we have the 
entire complement of mobile antennas, halos, and power supply compo¬ 
nents even for the positive-grounded foreign vehicles. We have the largest 
stock of Swan in New England and can additionally install all other stand¬ 
ard brand items. 

The big deal this summer is the Swan 6-meter \ odel 250. It provides 
an average 80 watts of input on AM and 240 PEP rating on SSB. It has a 
built-in noise limiter and an AM detector as well as the conventional SSB 
detector. The receiver is really hot and you can cover the entire 6-meter 
band with this equipment. In fact, if you’re a MARS member, you can 
set it up for either Army. Navy, or Air Force MARS frequencies as well 
and have a ball by' checking into our New r England nets. Sideband has 
really come into its own this year. It seems to me hat 5 % or greater are 
now on SSB, and this Model 250 will really make a dent in the remain¬ 
ing AMers. 

Typical installation of the Swan 250 looks like this: 

Swan 250 ..$325.00 

Swan 117XC for AC operation . 95.00 

Swan 14X for converting to DC mobile operation . 65,00 

Hi-Par halo and mount assembly . 16,95 

Astatic hi-impact ceramic mobile mike . 7.50 

Microphone plug and coaxial connectors and balun .... n/c 

You can see from this that for a total of $509.45 you can have the last 
word in 6-meters and the beautiful part of it is that you can substitute the 
Swan 350 for the 250 and operate on 10, 15, 20, 40, and 80 meters by 
merely unscrewing the gimbal clamp and dropping out the one set and 
substituting the olher. In other words, the power supply requirements for 
the Swan 250 and 350 are the same and both have the same physical cabi¬ 
net dimensions. 

We have the complete complement of Cush Craft, Hi-Par, New-Tronic 
Hustler, Super-Hustler, Swan antennas and Webster Band Spanners in stock 

and so if you really want to load up and go all bands, we ll 
install everything on your car and do a creditable job. You 
won't need a linear with Swan. 

Birds of a feather flock together—buy a Swan and have 
fun this summer. 

Herb Gordon W 1 1 IVY 


HERBERT W.GORDON COMPANY 


Woodchuck Hill, Harvard, Mass., 01451 

Telephone 617-456-3548 
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at all as is usual in VQ9 land. They did 
check my tilings a little bit closer this lime, 
wanting to know how long I was going to 
slay there, where, and the purpose of the 
trip. My usual answer to most questions are a 
flat statement lhat i was a "tourist’ and radio 
was mv hobby. At least those were mv answers 
in VQ9 land. You know they like tourists 
down there. Oh yes this is one of the few 
places left in the world that is not overrun 
with tourists and tourist traps with the usual 
boosting of prices to take in the tourists. 
Someone told me the ratio of ladies to men 
on the Seychelles are something like nine to 
one—That’s a very high SWR and it does 
make life very interesting down there. I think 
this ratio is not quite true, but it’s still pretty 
high. 

rheir only town is Port Victoria with that 
town clock that strikes twice on each hour, 
file entire population of Malic is about 40,000 
and the island is about 35 miles long and 
some 3?i miles wide. The color of the people 
are anywhere from jet black to 100% white. 
There is no predominating color there, every¬ 
one there lives very peacefully with every 
otl ler one. No one seems to take life very 
seriously there, and no one seemed to me to 
be working very hard. They all reallv take it 
easy and no one ever seemed to be in a hurry 
to do anything. Every morning at about ten 
there is that tea break and of course at four in 
the afternoon they have their tea break again. 
This is one thing that everyone does. The 
stores all close at about twelve noon and open 
up again at three. 

Port Victoria is the only seaport town on the 
island and this is where all the ships come to. 
They have two piers, one called the long pier 
which is about 1.000 fool long, extending out 
towards the deep channel where the big boats 
anchor. Along this pier you will find a few ship 
repair shops. Customs and immigration offices, 
and also the turtle pond where they put the 
live turtles they bring back from Aldabra 
Island. They keep the turtles there until they 
are sold. Then there is the short pier which 
runs parallel with the long pier, it extends out 
about 500 feet 1 would estimate and is about 
500 feet away from the long pier. This is the 
pier where Harvey keeps his boat, and others 
with small boats anchor. Harvey and l walked 

*r 

over to ! he short pier and out near its end I 
saw his boat at anchor in the same place it was 
when the Kansas City boys and I departed 
Irom the islands about two years from the date 
I arrived there. 

i was introduced to the owner of the small 
boat that was to carry us to VQ7 land—a fellow 


named Jake. The boat was named the Lua 
Lua. Tliis was a very fine boat, 36 it. long and 
about 8 loot wide, made out of Vie inch steel 
plate. There is a good story behind this boat 
and its owner. Jake and his family had been 
living in Northern Rhodesia for a number of 
years, just across the border from the Katanga 
province of the Congo. Jake was in the auto 
and truck body business. He was from Austria 
and had been down in Africa a long time. The 
Congo trouble had finally spilled out of the 
borders of the Congo and a number of houses 
very near their little town had been burned 
and a number of people had even been killed 
by the Congolese. Apparently they did not 
know exactly where their border stopped or 
maybe they did not care. Anyhow Jake and 
his family decided their days in Africa were 
numbered and they wanted out. lie found a 
description of the boat in some magazine, 
maybe Popular Mechanics or something like 
that. He had lots of sheet steel on hand for 
building tmek bodies and a fully equipped 
metal shop, and he had the will to undertake 
the construction of the boat right there in 
Northern Rhodesia a very long way from any 
ocean. He even ordered a second hand sextant 
and instructions as to how to use it. Mind y ou 
he had never in his life been at sea before. 
Alter about six months of hard work the boat 
was finished. He used every inch on the boat 
for some useful purpose. Practically each in¬ 
side wall was covered with metal built cab¬ 
inets to hold various items. The diesel fuel tank 
was built in and the fresh water tank built in. 

There was a place for each item and each item 
was in its place. The boat was hauled by trailer 
overland from northwestern Northern Rhodesia 
all the way to the Indian ocean, placed in the 
water and Jake by himself sailed it all the way 
to the Seychelles. His family (wife and daugh¬ 
ter) went by ocean liner from Mombasa. 
Maybe they did not trust Jake and his naviga¬ 
tion with that second hand sextant, or maybe 
they did not trust die boat, or maybe it was a 
case of not trusting both. Well here was Jake 
in his boat in YQ9 land safe and sound. The 
boat was basically a sail boat with the small 
diesel engine used for docking purposes mostly. 
The mast I would estimate was something like 
60 foot high and the leaded keel was very deep 
also to compensate for that extra high mast. 
The boat looked good to me and I was very 
sorry that Lee Bergren W0AIW and the boys 
form Kansas City were not there with me to 
look it over. I am sure they yould have fallen 
in love with the little ship. Everything was so 
ship-shape, everything freshly painted, the en¬ 
gine purred like a kitten, (t was not ike other 
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bouts ! hud seen before in and around \ (,)9 \ 
land, not by a long shot. 'I he nicest part of it 
all was Jake was ready to go w hen i arrived 
there. 


After the usual preliminaries and customs 
were attended to, the owner of the .Vidabras 
consulted, and his letter of introduction given 
me w e were ready to go. Away we went down 
to “Temolgees” store and bought all the sup- 
plie we would need, a 50 gallon drum of gaso¬ 
line, lots of Bully Beef I think Harvey's favor- 
it food), cans of soda crackers, plenty of lea,; 
sugar, canned cream, and a lot of other items. 
Harvey knows what you will need and he did 
a good fob in ( hosing the right amount of food, 
fuel, etc. A 11 of this took about three days, 
during this time I checked into the Hotel de 
Seychelles and did some operating. The bands 
as usual from VQ9 kind were very FB. I told 
the fellows that Aldabra would soon be on the 
air. 1 suppose the fellows back in tire USA 
were already thinking of their excuses to tell 
the places they worked at why they would not 
be at work in a week or so. 

The Hotel de Seychelles is one ol the nicest 
Hotels in VQ9. It consists of a long row of 
thatched huts on the beach. Each thatched lmt 
is a hotel room. In about their middle is a 
larger thatched hut which is the dining room, 
reading room, and recreation get-together 
place when there is some social activity. They 
gave me (lie hut on the very end after i ex¬ 
plained to them that i would he running my 
putt-putt all during the night and i did not 
want to keep anyone awake with its noise. This 
putt-putt I had was one of those very loud 
ones with a very small muffler w hich did not 
do to much muffling. Things on the beac h in 
front of my room were very interesting, es¬ 
pecially after sundown. On the nights of the 
full moon they have a real ball on the beach 
there with a lots of capers going on practical Iy 
all night al up and down the beach and under 
the palm trees that lined the beach. That 
beach is a very busy place on these full moon 
nights. There are very few recreational activi¬ 
ties around the island but they find plenty to do 
after sundown, especially on full moon nights. 
Well you know how it is when a bunch of boys 
and girls get together, they will find something 
to do. If there is any chaperoning down there 1 
I never saw or heard of them. Oh yes, the rates 
of the hotel when I was down there was only 
$22.00 per week and this included room and 
board. The food is very fine, and no one ever 
complained about anything there. If you want 
to go on a very fine vacation I highly recom¬ 
mend that you go to the Seychelles. I have a 
lots more to tell you all next month. . . . Gus 



TWO CATEGORIES TO CHOOSE FROM 


Standard Duty Guyed in 
Heights 37-54-88-105 
and 1 22 feel 


Heavy Duty Self Supporting 
and Guyed in Heights of 
37 — 54 feet ($S) 

71 — 88 feet (guyed) 


ROHN has these 6 IMPORTANT POINTS: 

Ease of Operation— roller guides between sections assure 
easy, safe, friction-free raising and lowering. Strength— 
welded tubular steel sections overlap 3 feet at maxi* 
mum height for extra sturdiness and strength. Unique 
ROHN raising procedure raises all sections together— uni¬ 
formly with an equal section overlap at oil heights! 
Versatility— designed to support the largest antennae 
Vi ith complete safety ami insurance at any height desired! 
Simple Installation— install it yourself— use either flat 
base or special tilting base (illustrated above* depend¬ 
ing on your needs. Rated and Tested — entire line engi¬ 
neered so you can get exactly the right size and properly 
rated tower for your antenna. The ROH N line of towers 
is complete. Zinc Galvanized— hot dipped galvanizing a 
standard—not an extra—with aU ROHN towers! Prices 
start at less than SI00. 

SEND FOR ROHN TOWER HANDBOOK 

—$1.25 Value 

—ONLY $ 1 00 postpaid (special to readers 

of this mageizinej. Nearest 
source of supply sent on request. Repre¬ 
sentatives world- wide to serve you. Write 
today to: 

ROHN Manufacturing Co. 

P. O, Box 2000 Peoria, Illinois 

IT World'* Largest EXCLUSIVE Manufacturer 
of Towers: designers, engineers, and installers 
of complete communication touer systems. ' 
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BY POPULAR DEMAND—CLASSIC SUBSCRIPTIONS ADS FROM 73: 

IMMEDIATE OPENING 

We have an immediate opening on the staff of 73 Magazine for Scribers. Our present 
limited office space and facilities limit us to a maximum increase over our present staff of 
about 10,000. The job application and processing fee is only $7.00. Your duties as an Offi¬ 
cial Scriber of 73 will be to read eacn of the next twenty-four issues carefully and then, 
armed with this information, loudly defend all attacks of 73 Magazine which may be made 
at local club meetings or over the air. You will also be expected to spend the greater por¬ 
tion of your spare time inducing friends and chance acquaintances into becoming co-work¬ 
ers. Remuneration for this position will depend upon the enthusiasm you put into the job. 
Those of you who are by nature cautious may become a Sub-Scriber for one year (twelve 
issues for only $4.00. Please fill in the application below. 


n T 1 6 



name 



address (QTH) 


address lQTH) 


city 

* 

□ $4,00 one year 

□ $7.00 two years 
Q $10 three years 


state zip 

□ $50 LIFE 

□ Renewal! (I think) 

□ New subscription 
(I think] 


city 

Q $4.00 one year 
n $7,00 two years 
□ $10.00 three years 


state zip 

□ $50 LIFE 

Q Renewal (1 think) 

□ New subscription 
[I think) 



Peterborough, New Hampshire 03458 


Bruce Wolther W9QAH 

ID Key 

I his is a key designed for use on front panel 
key jacks to either tune up or identify on 
RTTY. Construe tioi i is very simple and uses 
parts from almost any junk box. 

Obtain an old surplus PL55 ping. Remove 
the cover and grind off the ring and about half 
of the bottom shell up to the ground screw. 

f ind an old telephone relay contact about 
three inches long. Drill a hole at one end to 
fit the tip screw on the jack. Then screw the 
contact in place. 

Drill out the old ground screw threads and 
tap with a 6/32 tap. i hen thread in a 6/32 
screw to about 1/32 inch from the contact 
installed above. Cut off the remaining part of 
the screw and solder to the shell. Also cut the 
control armature to (lie desired length and 


place several wrappings of tape on the end 
as a knob. 

Now cut a half inch slot in the cover as 
shown. Place the cover on the plug and align 
the slot on the right with contact armature. 

And there you have a real space saver for 
the no-CW operator to load or ID with. All 
you have to do to lock it up is shove the con¬ 
tact armature to the right into the slot. 

. . . W9QAH 




Fig. 1. The ID key, 
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Souping Up the Heath Twoer 

Anyone who has ever purchased a Heath 
Twoer knows that it is a very good bin for 
the money. It has enough power for local con¬ 
tacts with the average antenna, as well as 
plenty of audio to fill the carrier. This article 
will show how to convert a good rig into a 
better one. 

A stock set has approximately 25 ma at 200 
volts going into the 6BA8 final. This can 
be increased to 7.5 watts with audio to match 
by simply changing a few resistors and capaci¬ 
tors. Unfortunately, this exceeds the dissipa¬ 
tion of the final tube, but the 6BA8 seems to 
stand it. The difference in output is about 2 
db, just discernable. 

Start with the power supply. The 330 oh m 
2 watt resistor R14 should be decreased to 
270 ohms. You can add another electrolytic 
in parallel with C33A (40 gf) if you wish, 
but the extra filtering doesn’t seem to be really 
necessary. 

Next is the final, Y4B. Decreasing the value 
of the screen resistor fR7) will give more 
power input. I found that i 000 ohms gave 
7.5 watts input. 

Now in the audio section, replace R23 
(270,000 ohms) connected to pin 7 of VIA 
with a 27,000 ohm resistor. Also replace C35 
(.01 gf) going from pin 6 of the 12AX7 (VI) 
to pin 1 of the 6AQ5 modulator (V2) with 
a .001 gf capacitor. 

This completes the modifications and now 
a very slight touch up should be given the 
rig. As a last comment, I would suggest re¬ 
placing the 6BA8 fV4) with a 6AV8—it seems 
to handle the extra power a little better. 

. . . WB2JOS 

Ear Saver 

Inexpensive magnetic headphones have 
been on the market for years; but not dirt 
cheap ear cushions. Dozens of suggestions 
have appeared in just about every electronics 
magazine. However, a simple and dirt cheap 

solution has been found. For alioiit two bits, 
you can make your phones feel like the stereo- 
phones being sold for $25.00. 

A trip to your local drug store will revea 
that a pair of milady’s “powder puffs” solve 
the problem easily. These “puffs” are used as 
replacements for lady’s compacts, but they do 
a better job on your ears. Just cut a small hole 
in the middle of each ”puff,” glue them on 
the phones, and you’re in business. 

This kink 1 i as been in use here for more 

than a vear and no earaches have been en- 

* 

countered. 

. . . D. Hausman 



S.W.R. BRIDGE and 
FIELD STRENGTH METER 



Allow 50g for 
packing and 
shipping. 
California resi¬ 
dents include 
4% sales tax. 



THE BEST 
VALUE WE 
HAVE 
EVER 
OFFERED! 


An excellent combination unit for either home 
station or mobile use ... as an accurate Standing 
Wave Bridge and a sensitive Field Strength 
Meter. 52 ohm impedance. WiM take a full kilo¬ 
watt and can remain in the line all of the time. 

Grey metal case, 5V 4 " H x 1 Va"W x 2W D § 
with standard fittings, J %" Bright-vue meter, 
and detachable, telescoping antenna which ex¬ 
tends to 103 / 4 ".With instructions and schematic. 
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Fair Radio Catalog 



NEW PRODUCTS 

New Sams Books 

Sams has been busy publishing new books 
again and here’s a quick run-down on a few 
pf them: John Leak’s Eliminating Engine In- 
inference has 128 pages and costs $2.50. The 
title is pretty self-explanatory. Basic Piezo¬ 
electricity by John Potter Shields covers this 
more-and-more important field that furnishes 
many industrial transducers as well as the 
common “crystal” mikes, headphones and 
phonograph pick-ups. It’s also 128 pages and 
$2.50. Color TV Troubles Cities, Volume II 
by the PF Reporter Slalf is $1.95, Electronic 
Corrosion Control for Boats is by John Lenk 
and also costs $1.95. A very simple, easy-to- 
understand book for newcomers to radio is 
ABC’s of Modern Radio by Walter Salm. It’s 
been newly revised by the author and costs 
$1.95. All of these books are available from 
your local distributor or from Howard Sams 
Co., 4300 West 62nd Street, Indianapolis, In¬ 
diana. 

Communications Electronics Circuits 

An excellent new textbook for electronics 
technicians has just been published (3/14) 
by Holt, Rinehart and Winston. It’s Corommir- 
cations Electronics Circuits by J. J. DeFrance. 
But don’t let that “textbook” scare you. It’s one 
of the best books for learning electronics I’ve 
seen. It’s modern and up-to-date, explains the 
material very well, and gives excellent review 
questions for the reader’s guidance in checking 
himself. This book is unusually good for hams 
who want to learn more electronics, whether 
for getting an extra class license or commercial 
license, or just for their own knowledge, since 
it covers many topics that are passed over 
lightly by most other eectronics books: SSB, 
antennas, transmission lines, propagation, etc. 
It also integrates semiconductors into the dis¬ 
cussion of circuits so that they aren’t suddenly 
thrown at you in a last minute addition. Nec¬ 
essary and important design and illustrative 
math is included, but not too many derivations 
of formulas—so beloved by mathematicians and 
confusing to technical students. All in all, it’s 
an excellent book and highly recommended, 
550 pages, $9.50. Holt, Rinehart and Winston, 
383 Madison Avenue, New York, N.Y. 10017. 


The new Fair Radio Spring and Summer 
Catalog contains 28 well-illustrated pages 
chock full of fascinating surplus bargains. Each 
page contains many items and virtually all 
are illustrated. 1 hey have a very large as¬ 
sortment of motors, transformers, and meters 
as well as many, many pieces of communica¬ 
tions, test and other electronic equipment. 
This catalog is a must for any hams who aren’t 
AO’s. Send 25c for it (well worth the small 
price) and they’ll refund 50£ on your first or¬ 
der. Write Dept. 73, Fair Radio Sales, P.O. 
Box 1105, Lima, Ohio 45802. 

Motorola Circuits Manual 

A useful handbook pul out by Motorola is 
(heir Semiconductor Circuits Manual for 82. 
Its main interest is power circuits: motor con¬ 
trols, inverters, power supplies and regulators, 
SCR switching controls, lamp controls, solid 
state ignition systems, etc. Many of these are 
very useful to hams and used by them every 
time they turn on their mobile rig or experi¬ 
ment with transistors. But probably the most 
interesting part of the book to most hams is 
the long section on transmitters. Theory and 
specs, including coil data and design consider¬ 
ations are given for marine band xmtrs (good 
for .160 and 80), CB (for 10), 30 me SSB, 
76 me, 120 me (AM), 2 watts on 160 me, 5 
watts and 8 watts on 240 me. Binding is 
Motorola handbook’s standard, easy-to-use 
loose leaf. Your Motorola distributor has copies, 
or you can order from Motorola TIC, Box 
955, Phoenix, Arizona 85001. 

Motorola Application Note Index 

The new Motorola Application note Index 
(April 1966) lists all of the current Motorola 
application notes with a small abstract of each. 
A fantastic number are of interest to hams 
(and engineers, of course) such as Designing 
Low Noise RF Input Transistor Stages, Low 
Cost Power Inverters (DC-to-DC) Using Olf- 
the-Shelf Components, High Power Varactor 
Theory and Application, Transistors in SSB 
Amplifiers, Solid State Marine Xmtrs, Coax 
Cavity Varactor Multipliers, High Power RF 
Switching Can Replace Coax Relays, 40 watt 
Solid State Xmtr lor 6, 5 watts on 3 GHz with 
Varactors, Epicap Tuning Theory, FET’s in 
Theory and Practice, 15 watts on 2 and many 
more. Write Motorola ’1 IC, Box 955, Phoenix, 
Arizona 85001 for your copy of the index. 
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Parks Solid State 432 Converter 

Loren Parks K7AAD makes some of the 
nicest VHF anti VHF gear around and is well- 
known by all VHFers for his gear and his 
Httle magazine, the VHF’er. He and W6HPH 
have recently come np with a new 432 MHz 
converter that is all solid state. It uses the 
fabulous TI TiXMOS transistors (see April 
issue) for extremely low noise figure and high 
gain. Tuned lines in the converter are all 
silver-plated and all components and construc¬ 
tion are of Parks’ usual high quality. Each 
converter is individually checked for noise 
figure, too. He makes them in many i/’s and 
the price is right: $49.95, postpaid. Yon can 
order from him at Parks Labs. Rt. 2. Box 35. 
Beaverton, Oregon. 



Economy TI Semiconductors 

Texas Instruments has recently introduced a 
wide range of new economy, plastic-encased 
semiconductors. Among them are the indus¬ 
try’s first plastic-encased unijunction transistor, 
the TIS43 with very low leakage and a very 
low price—72tf in 100-quantities. Another is 
the T1S34, N-channel VHF field effect tran¬ 
sistor (see the May issue of 73, page 12) with 
low feedback capacitance, high transconduct¬ 
ance, high figure of merit and low cross modu¬ 
lation. Other interesting ones are a number of 
regular transistors such as the NPN 2N4254-5 
for VHF and HE amplifiers, and the low-cost 
T1XM10 and II for rf amplifiers, mixers, os¬ 
cillators and if amplifiers. You can get more 
information from TI distributors o Texas In¬ 
struments, P.O. Box 5012, Dallas, Texas. 


DOW 

KEY 


COAXIAL 


RELAYS 



OUR SPECIALTY . . . Your No. 1 source 

for standard and sDccial aDolication units. 




DK60 SERIES 

HEAVY DUTY SPOT 
COAXIAL RELAYS 


DK6Q SERIES, AC or DC 

UHF connectors 



DK2-60 SERIES 


A DPDT SWITCH 
for SWITCHING 2 
COAXIAL LINES 
SIMULTANEOUSLY 


With UHF COAXIAL CONNEC¬ 
TORS ._ 





DK2-60B SERIES 


A DPDT SWITCH 
INTERNALLY CON¬ 
NECTED IN DE¬ 
ENERGIZED POSITION 


Available in nil standard AC. 
DC voltage* ---- - 



DK77 SERIES 


MINATURE. LOW COST 
50 ohm SPOT 
COAXIAL RELAYS 


DK 77 relays available -w itlr phono. 
TNC and HMC coaxial connectors— 



DK72 SERIES 

I P3T COAXIAL RE! AY FOR 
REMOTE SWITCHfNC of rf. 
SOURCES 


WITH UHF CONNECTORS 


DK78 SERIES 

NEW MANUAL COAXIAL 

SWITCHES 

(Not Wafer Switches) 

Available: 1P2T. SP3T. JP6T 

mid crossover switch -- 


available at your distributor or write: 


DOW-KEY CO. 


Thief River Falls, Minnesota 
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TRUBAND 
QUAD ANTENNAS 

AL last ... a cfuad an- 
knoit that will really stay 
up in the air, Wot a in- 
band, but actually tlm-c 
antennas in one, Kuril 
band hag a Bpfldng of 
0.15 anti an Input Im¬ 
pedance of 52 ohms. There¬ 
fore w\im fed with a 
single IIG-3/U coaxial 
feedlme, the SWK is 1.5 
t© 1 or less on all bands. 

It requires no loading 
coils, no bat tins, and will 
handle a full 2 KW PEP. 

This quad has a forward 
gain of 8 db, a front to 
bark ratio of 25 and 
a front to side ratio of 50 db. Physically this quad is IT *4 
feet long, has a turning radius of less than nine feet yet weighs 
only 21 pounds The lightweight construction of fiberglass rod 
and aluminum tubing is extremely strong but at the same time 
permits the use of a low cost TV rotator. In fact, art antenna 
of this type has been up for 3H years at my QTH and stayed 
tip in 65 mph winds with a simulated ice load of 20 pounds. 

These tri band quad antennas come complete with all fiberglass 
and aluminum spiders, #14 antenna wire, 250 pound test nylon 
guys, all assembly hardware iinti complete assembly and tuning 
instructions. Shipping weight—28 pounds, i For pictures of the 

quad at my OTH see page 91 of the April 73), .$99.95 

For mounting rotors down inside Use tower, a 1% Inch diameter, 
six foot lung aluminum tube Is available fur an additional $2.50 

Illinois resident add local soles tai, 

MACO PRODUCTS 

915 E Cornell An., Springfield, III. 62703 
Phone (217) 544-5891 


ERL PRESENTS A NEW CONCEPT 
IN SIX METER TRANSMITTERS 



THE EXCELLO EX20 

6 METER TRANSMITTER 


• Mobile 

• Fixed 

• Emergency 

• Aviation 

FEATURES 


far 


$49.95 

NET TO AMATEURS 
SEE YOUR DEALER 


Meter indicator for monitoring final tuning, grid drive, 
modulation m AH tuning controls on the front panel # 
Accessible components in the removable enclosure * TV! 
suppression through shielding and design # Compact size 
of 5x6x7* • Low power consumption of 250-300 V at 75 
mo • Uses low cost 8 me crystals • Silk screened panel 
# 16 watts output* 


rni EXCELTR0NICS RESEARCH UBS 

C-flL 102-39 184th Street Hollis, N.Y. 11423 


(Continued from page 2) 
emmerits so that an official complaint can be 
sent through channels. I he more countries we 
get involved in this business the better chance 
of it being effective, obviously. The ARRL 
and RSGB have been working along this line 
and have been achieving some results with it. 
It would be nice il we could organize some¬ 
thing a little more worldly than lliis and try 
to have complaints filed from a dozen or two 
countries. Perhaps some amateur with a good 
signal and the time to devote to such a proj¬ 
ect could establish a net frequency and time 
for intruder watching and thus international 
coordination might result. Something cm the 
order ol the IL SSB ’’net’’ on 14,33 1 is what 
I have in mind . . . only without all that 
phone patching. 

Although intentional jamming of signals is 
against the regulations just about everywhere 
there are a growing number of amateurs who 
are organizing this type of intruder defense. 
This certainly is a move to be considered even 
ii it must remain sub rasa and might be a 
natural development of the above suggested 
net. Fortunately our work on 20 meters is not 
all that difficult for we have but a few in¬ 
truders there most ol the time. On the lower 
hands we have a formidable task. 

While RTTY stations may be difficult to 
identify for us, even for those with ham RTTY 
gear, we do know that a well placed CW 
signal on either of the FSK channels can, if 
it overrides the intruder now and then on se¬ 
lective fades, cause misprinting. Most RTTY 
stations cannot abide misprinting on these cir¬ 
cuits and will obligingly move to a clearer 
channel . . . hopefully outside our amateur 
bands. 

Short wave broadcast stations are a bit 
harder to cope with. Here we may find that 
we will get beter results through correspond¬ 
ence with the broadcasters direct. I doubt if 
angry letters asking them to move \\ ill get 
more than chuckles, but sincere letters from 
SWLs asking them to move out Iroin under 
all that amateur radio interference so they can 
better hear the interesting programs they are 
broadcasting might do the trick. The tourist 
agencies are also sensitive to pressure from 
that great benefactor: the American tourist. 

While some of the commercial stations op¬ 
erating in the lower bands in Europe and 
Asia may be legitimate, we here in the I'.S. 
have no mandate to protect them from inter¬ 
ference, We may transmit as we like without 
worrying that we may be causing interference 
to a legitimate user of these frequencies and 
thus cause him to seek less crowded regions. 
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The only' good reason that intruders are 
using our bands is that we are leaving space 
for them. I 'here are plenty of other spots for 
them to operate if we nudge. Let’s encourage 
them to find them. 



ITU—Africa 

Those of you who have been active on our 

ijpr 

DX bands know that there is virtuallv no 

* 

African amateur radio activity other than by 
whites, visiting or residential. Since the coun¬ 
tries are being taken over by’ blacks it is un¬ 
likely that a white activity will rate much pro¬ 
tection from the new governments. 

Certainly we must do something to get 
some support for amateur radio from these 
new nations. For that matter, it mav actually 
be easier to get support from these countries 
than from the European countries where ama¬ 
teur radio seems to have a rather minimal 
support. Not that we are doing any better in 
the U.S. One of the basic reasons that I 
founded the Institute of Amateur Radio was 
to work toward getting the support of pur 
Congress so that at future 1T1 7 conferences we 
would know that at least the U.S. government 

w as solidlv behind us. In 1959 I was flabber-fl 

■* 

gas ted to find that we did not have this sup¬ 
port. The U.S. delegation has by far the most 
influence at this conference and if we don’t 
have it supporting and protecting us to the 
best of its ability' we might as well start work 
on those moon bounce dishes right now. I 
have been quite disappointed, though not sur¬ 
prised, at the bitter opposition the League 
has shown the Institute even though the I i- 
stitute is organized to carry on work that the 
League lias so far avoided. 

To be blunt about the African problem: we 
don’t know what to do there. It would be val¬ 
uable to somehow set up some amateur radio 
stations there and train some locals to operate 
them and start them on the path to becoming 
devoted amateurs. Unfortunately there are 
many obstacles. We do have a good idea that 
we can arouse some interest in amateur radio 
by t! le time tested method of i'll with articles 
in the local papers. It is possible that a do¬ 
nated club station plus a few newspaper arti¬ 
cles might get things started if we had our 
own little Peace Corps operation with a team 
of two or three amateurs spending several 
months on the project. However, before we go 
plunging into something like this 1 think it 
would lx* valuable to send a man or two down 
there on a fact finding tour to see first hand 
what the problems are and what kind oi re¬ 
ception we might get there to such an effort. 

Did I hear someone asking how much all 
this is going to cost? There are always nega- 1 


I OUR NEW I 



MULTI-METER 


: -$ 12 . 95 -: 

I POST-PAID USA & CANADA I 


; QUEMENT ; 
• ELECTRONICS! 

■ 1000 SOUTH BASCOM SAN JOSE, CALIFORNIA ® 

| "Northern California's Most Complete Ham Store" | 
_ SINCE 1933 _ 


JULY 1966 


89 




















































• Great Circle Bearings • "Q" and "Z” Signals 

• Great Circle Charts * World Time Chart 

• Prefixes by Countries * Inti Postal Rates 

United States Listings... $5.00 
DX Listings..3.25 


See youi favorite dealer or order direct (add 25f for mailing) 



RADIO AMATEURS REFERENCE LIBRARY 
OF MAPS -ORDER YOUR SET TODAY! 



if* 


JRLO PREFIX MAP— Full color. 42" x 
shows prefixes on each country ... 
zones, time zones, cities, cross refer- 
r*rt tables .-...postpaid $1.00 




o amateurs great circle chart 

he WORLD - from the center of the 
*d States ! Full color, 29 x 25 , 
ie Great Circle bearings in degrees 
ix major U.S. cities; Boston, Wash- 
, D C., Miami, Seattle, San Fran- 

& Los Angeles* , ■ j nn 


UNITED STATES MAP— AH 50 States with 
call areas, prefixes. DX and time zones 
FCC frequency allocation chart. Plus 
interesting information on all 50 States, 
full color, 29" X L7".postpaid 50C 


tLD ATLAS —Only Atlas compiled for 
iteurs. Polar projection, six conti- 
ts. prefixes on each country ; • ™H 

ir 16 pages. postpaid $1-50 


Complete reference library Of maps-set 
of 4 as listed above postpaid 52.50 

See your favorite dealer or order direct. 
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Dept. B, 4844 W. Fullerton Ave. 
* Chicago, III, 60639 


five thinkers who try to spoil the fun. Thev 
should cut it out. I don’t think financing of 
: I is would 1 >e difficult at all. In preliminary 
talks with a few of the amateurs in the U.S. 
that f know to be really seriously interested 
in helping to keep amateur radio going I had 
oilers of large amounts of money and all the 
equipment we could possibly use. I think we 

mid round up $50,000 easily and mm In 
- ■ven twice that without even asking for a dol¬ 
lar of that 100G the League earmarked for 
just such projects, but seems reluctant to 
actually spend. 

There is a possibility that our little scheme 
MHtlrl he coordinated with the existing Peace 
< nips. but I m not sure that things might go 
smoother it we made every effort to include 
European and Asian amateurs in the task 
hare and soft pedalled ourselves. We seem to 
have gotten a bit of a reputation and people 
oft* n want to see what we have in the other 
hand when we are “giving” them something. 

One of (lie projects that 1 had hoped the 
Institute would be able to tackle was the sell¬ 
ing of the virtues of amateur radio to the 
European countries. Though amateur radio is 
an old story in those countries I believe that 
we have had as little PR there as we have in 
the U.S. and thus have the same lack of sup¬ 
port we find at home. Unfortunately the In¬ 
stitute is grow ing much too slow I\ for me to 
look for any help from this quarter in the fnr- 
seeable future. 

The major question is: what do we do next? 

1 don’t feel that it is my place to elect myself 
a committee of one to start all tins going. And 
other than myself what do we have in the 
way of international organization? The IARU 
seems hopelessly tied to the ARRL apron 
■•Tings and ham strung as a result. They are 

!ged down in a morass of official inertia. 
The ARRL is on top and even il Region 1 of 
U Union wanted to break away and start 
something going, they would probably all be 
eyeing each other suspiciously to see who was 
trying to take advantage of the move. It 
would he a great step ahead if the presidents 
of the amateur radio societies of the world 
COuld get together in Geneva several times a 
year for a top level amateur radio summit con¬ 
ference behind closed doors and have the 
support of their organizations to make deci- 
■' ns binding at these meetings. I think that 
su h an arrangement might make it possible 
to save ham radio. 


W2XSD SM/OH0/OH2 


Hav ing heard 
tv of Sweden’s 

thought that i d 


considerable about the beau- 
gills, country and socialism, I 
better check it all for myself. 
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I lie amateurs in Stockholm were very hos¬ 
pitable when J arrived this spring. Arne 
SM5AM and Beo SM5LK saw to it that 1 got 
to visit many of the active amateurs in the 
area. Those that I didn’t visit (and most of 
those 1 did) turned out for a meeting at the 
Technical Museum where we ate sandwiches, 
drank beer and listened to me talk far into 
the night. 

in addition to the ham radio side of my 
visit I did check into the three topics first 
mentioned. Just before the end of my stay in 
Stockholm (two weeks), when 1 thought that 
I was going to manage to get away without 
ever meeting one single girl, I found myself 
having dinner with Peter SM5CZM, his at¬ 
tractive wife and a girl friend of hers. The 
girl, Eva, was a good looking blond, though 
1 must admit that I was just slightly put oil 
by the enormous German Shepherd Dog that 
guarded her. Every time J thought of making 
a pass at her he growled. Hmmm. She didn’t 
really need him though for I found that this 
lovely should have been on What’s My Line. 
She gently rippled her muscles as she ex¬ 
plained that she drives one of those gigantic 
trucks that they have only in Europe . . . 
you know, the ones with the huge trailer 
hooked on behind. Anybody that can heft one 
of those around could break me in two . . . 

I think. I didn’t check. 

The Swedes vigorously deny all those de¬ 
lightful rumors we have heard in the States 
about their girls. Unfortunately, after an ad 
mittedly short visit, I tend to believe the 
Swedes more than the smart PR men who have 
built the interesting Swedish girl image foi 
ns. Alas, another dream shot down . 

Whenever we get to grumbling too much 
about the creep of socialism in the states x\c 
are answered that it works just fine in Sweden 
so stop complaining. Tell that to the Swedes. 

1 didn’t find one single Swede that liked the 
system. They are very vocal on the subject. 
All in all their country is verv much like the 
U.S. It is much more like it than am other 
country I have visited. Their salaries arc quit, 
comparable to ours and their costs of food 
and other things aren’t all that different. The 
only major difference is that they have to pay 
almost double the taxes we do. I suspect that 
our administration is aware of this and may 
be using the Swedish norm as a goal for us. 
This does limit the possibility lor outstanding 
success in Sweden and I found most ol the 
people a lot more concerned with their sum¬ 
mer houses than how to make an extra crown 
or two. 

Arne went with me for a short trip up to 
Aland Islands to visit the OH0 gang. He had 
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OBEAMS 



... m 

FOR 
MORE 
DX PUNCH 



Cush Craft Monobeams combine superior elec¬ 
trical and mechanical features with the best 
qualify materials and workmanship. They will 
provide reliable day to day amateur communi¬ 
cations and that extra DX punch, when needed, 
for contest work or emergency communications. 


A28-3 10 Meter, 3 Element, Boom 10' $3K95 

A28-4 10 Meter, 4 Element, Boom 18 42.95 

A21-3 15 Meter, 3 Element, Boom 12' 39,95 

A21-4 15 Meter, 4 Element, Boom 22' 59.95 

A 14-2 20 Meter, 2 Element, Boom 10' 49,95 

A14-3 20 Meter, 3 Element, Boom 20' 77,50 


SEE YOUR DEALER OR WRITE FOR CATALOG. 


621 HAYWARD STREET 
MANCHESTER, N. H. 03103 




OFFERS 


the haf/rcraffers 

SX-146 AMATEUR BAND RECEIVER 




The Hollicrafters SX -146 . . . Amateur Band Receiver 
of advanced design, employing a single conversion 
signal path and p re-mixed oscillator chain to assure 
high order frequency stability and freedom from 
adjacent channel cross-modulation products. Em¬ 

ploys a high frequency quartz crystal fiber and 
has provision far the user installation of two 
crystal filters. Tranceives with HT*46. 

$269.95 

Kc Crystal Calibrator $19,95 


more 


SX-146 
HA-19 100 


ALSO IN STOCK; HT-46 Transmitter 


S349 95 


USED EQUIPMENT SPECIAL 

SX-tl 1 5139.95 

SX-140 559.95 

WRITE FOR LATEST COMPLETE LIST 


U4Ut4, 


RADIO 


P.O, BOX 312 . CONCORD. N. H 

603-225-3358 
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been wanting to make the trip for a long time 
and this was the excuse he was waiting for. 

I had bought a Volvo so we drove in it up to 
a small town 60 miles or so north of Stock¬ 
holm to get the boat to Aland. The boat left 
late at night and arrived bright and early at 
4:30 AM, just as the sun was really getting 
going lot the day. Despite the grim hour ol 
arrival we were met by Sigge OH0N1 and 
driven the 20 miles to Mark ham (town). After 
a short nap we got up and had an enormous 
breakfast. We then drove out into the country 
and visited OH0NF, one of the most active 
amateurs in Aland. We talked, took some pic¬ 
tures and were served coffee and cake by 

■■r 

XYL. It was delicious, but a little close onto 
breakfast. They had some special Aland Island 
cake that I had to try. After a short visit with 
Ol [0NJ and N( we returned to NT's for a 
truly magnificent lunch. Urp. Just when 1 
thought I had outdone myself they came up 
with special Aland Island brew w hich I had 
to try. Invented by the vikings, believe . . . 
and excellent . . . urp. OK, time to go over 
to visit Sam NC and talk with all the active 
OH0 gang w hich was gathered there. I talked 
for about an hour and then we had coffee and 
cake. There was just time to drive out to the 
boat landing and wave goodbye. A short while 
after the boat had shoved off for Sweden 
Arne grabbed my arm and lead me into the 
restaurant. I protested that I was too full, but 
he said it would only be a snack. He didn’t 
communicate this too well to the waitress 
though for she came in with a huge plate ol 
food. It looked like someone with big eyes 
had gone by a smorgasbord table. It took me 
quite a while to down it all, but somehow I 
managed. Then she brought the main course. 



A nice gang turned out to welcome mi tn 
Novrkopping and Gdfhemberg. 1 he drive 
down was fascinating. Much of the part of 
Sweden I passed through sure looked a lot 
like our own Minnesota. Now I know why we 
have that tremendous Swedish population up 
there ... it is just like home in looks and 

climate. 

Finland turned out to be as expensive as 
Sweden for visitors. John Yelamo OH2Y\ 
dropped everything for the two days of my 
visit and did a fine job of entertaining me. I 
got on the air from OH2A, OH2AA, and 
OH2TH, including a contact with my home 
station and the latest news from there. I had 
been in Finland for several minutes before 
John wanted to know f if I had ever been in 
a sauna. His eyes lighted up fiendishly when 
I admitted that though I’d heard a lot about 
them I had never been initiated. G1I2SS was 
selected to show me the ropes. 

We reported into a clubhouse type of affair 
out on a point on a lake. We were issued a 
small orange towel and a locker for our 
clothes. Clad only in myself I was ushered 
into a small dark wooden room that felt like 
ui l oven, l'he towel was not for modesty, it 
was to sit on to keep from burning the flesh, 
l’he thermometer read a little over 120°. Jt 
felt warmer than that. Ooops, that is centi¬ 
grade. It was getting a little hard to think in 
all that heat, but I slowly worked out the 
conversion to Farenheit and got 250°. They 
didn’t have a fork so l wasn’t sure how you 
could tell when you were done. After about 
20 minutes SS led what was left of me out of 
the room, out the door, onto the dock and 
into the water which was under 40 c , the ice 
having just melted a few days before. I agreed 
that it sure felt good, but I lied. OK, back 
into the oven for another bout. Baked ham 
Basted in my own juice. I lien back out on 
that dock and into the ice water. Oh yes, it 
feels wonderful. Now we 1 1 y to smoke room. 
250" also, with nice smelling mull berry 
smoke. Smoked ham. Those muDberry switches 
don’t hurt, just tingle a bit when you flagge- 
late yourself with them. They smell good 
mixed with the delightful aroma of yourself 
cooking. 

This time instead ol going out into the lake 
we lav down on tables and verv sturdy Fin- 
nish women scrubbed us thoroughly from hair 
to toes using nice rough pads something; like 
Brillo. 1 haven’t been that clean in years. 

Now that I've tried it I’ll have to check into 
that sauna they have right near Peterborough. 
Our lakes are warmer, that’s for sure. Besides, 
I’m only half baked now. 

, . . Wayne 
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(he coaxial cable is the simplest, most versa- 
I' and i ! 1 ost popular means lor the trans¬ 
mission of rf energy. However, it would be safe 
to sa\ that to most amateurs coax means sim¬ 
ply RG-8/U or RG-IJ/U. This is due, at least 
: part, to their availability and low cost. How¬ 
ever, these familiar cables are not always the 
best choice for an amateur antenna system. 
Actually, the case of only one cable being able 
to satisfy a set of requirements is rare; usually 
there are several cables which will meet most 
of the requirements of a particular application. 
Nonetheless, the data which is published lor 
these cables is, in some aspects, quite confusing 
and easily misunderstood. 


more transmitted power is lost 
by the inadequate selection and improper use 
oi transmission lines than from any other 
source. It is the purpose of this handbook to 
define and present the necessary data to enable 
•he average amateur to more accurately evalu¬ 
ate and select a coaxial system suitable for the 
intended operating conditions. 

It is interesting to note that the concentric 
form of transmission line is old—in fact, classi¬ 
cal. Although the flexible types of solid dielec¬ 
tric coax available today are the products of 


*•* 

p>up jacketeeT 

I RG-87A/L1 





RG-8/U 


RG-43A/U 




R6-58C/U 






:lvv. 





R6-14IA/U 



iJhgb Jj 







iMfe .ns* m 

m 

SOLID JACKETED 
SUBMINIATURE ' 



^j 


Miscellaneous coaxial cables: RG-8/U and RG- 
58C/U are polyethylene types; RG-143A/U and 
RG-Ml A'll ore Teflon types with Fiberglas jack¬ 
ets; and solid jacketed cables are semiflexible 
types. 


modern materials and engineering. Lord Ray¬ 
leigh, Alexander Russell, and other prominent 
mathematical physicists of the 19th century 
did considerable theoretical work with the 
coaxial structure before the turn of the century. 

The earliest types of coaxial line were lim¬ 
ited to telephone transmission lines and sub¬ 
marine cables. However, in the early 1930’s 
engineers at the Bell Telephone Laboratories 
experimented with coaxial lines for the trans¬ 
mission ol high-frequency radio energy. Tire 
rigid air-spaced lines used in these experi¬ 
ments only vaguely resembled (lie flexible lines 
in common use today, but it must be remem¬ 
bered that polyethylene wasn’t discovered un¬ 
til 1937 or available in commercial quantities 
until ‘ 943; and Teflon 0 wasn’t even announced 
until 194(1 These ea ly cables were constructed 
using ceramic disks or beads spaced at inter¬ 
vals along the line to support the inner con¬ 
ductor, Since the outer conductor was fabri¬ 
cated from rigid copper tubing, these experi¬ 
mental coaxial lines were far from flexible, but 
they proved to be very efficient in high-fre¬ 
quency rf transmission. 

Trior to World War II the rigid disk insu¬ 
lated concentric line saw little use in all but 
the most sophisticated commercial installa¬ 
tions. In the late I930’s a few manufacturers 
advertised rubber insulated flexible coaxial 
cable, but because of the high cost anti at¬ 
tenuation characteristics, these lines were not 
popular among amateurs. Since relatively few 
television stations were on the air at this time, 
the extra shielding afforded by coaxial lines 
were not a necessity for TV I elimination. 

With the advent of an inexpensive low-loss 
flexible dielectric during the war years, thou¬ 
sands of feet of low cost coaxial cable became 
available on the surplus market in 1946. Un- 
fortunately, the majority of amateur trans¬ 
mitters of the day were not suitable for the 
inherently unbalanced coaxial system. It 
wasn’t until the impact of TV! that the coaxial 

transmission line became the mainstay of aina- 

* 

teur transmission systems. 

Because of the rapid advances made in 
transmission line technology during the war, a 
committee was set up to determine industry¬ 
wide standards for coaxial cables, connectors 
and adapters and to establish a universal num¬ 
bering system. The familiar R(I -/U, derived 
from “radio guide,” was designated for rf 
transmission lines, both coaxial and wave¬ 
guide. The “UG’VU system, derived from 
“union guide,” was assigned to rf connectors 
and adapters used with these lines. The suffix 
“U” was used to indicate a “universal ’ system 
of numbering. 

Trntlf mark of Dufront 
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Table 1. Comparison of coaxial cable characteristics. 


Cable Type 

RG-8/U 

Aljak 

- 

Aljak 

Fcam- 

Flex 

Styroflex 

Helical 

Membrane 

Corr-O-Foafn 

Rigid 





Foamed 

Poly- 

Poly- 

Foamed 


Dielectric 

Pofy- 

Poly- 

Teflon 

Poly- 

styrene 

ethylene 

Poly- 

Air 


ethylene 

ethylene 


ethylene 

Tape 

Ribbon 

ethylene 


Outer 

Copper 






Corrugated 


Conductor 

Braid 

Aluminum 

Aluminum 

Aluminum 

Alum mu m 

Aluminum 

Aluminum 

Copper 

Outside 

Dimension 

0.405 

0.325 

0,325 

0.5C0 

0,500 

0.500 

0.570 

0.875 

(Inches) 









Weight 









(fb/lOOft) 

10,5 

6.9 

10.3 

15.2 

16.5 

18.5 

15.0 

65.0 

Minimum i 









Bend Radius 

2.1 

1.8 

1.8 

5.0 

5.0 

6,0 

5.0 

0 

(Inches) 









Maximum 

Operating 

185 

185 

390 

185 

185 

185 

185 


Temperature (F°) 









Capacity 









(pf/ft) 

29.5 

31.5 

29.5 

25.0 

23.0 

21.0 

25.0 


Peak Operating 









Voltage 

5000 

5000 

5000 

2500 

1300 

1300 

2500 

— 

10 me 

0.55 

0.33 

0.55 

0.25 

0.25 

0.24 

0.25 

0.13 

Attenuation 
(db/100 ft) 00 mc: 

2.00 

1,50 

1.80 

0.86 

0.80 

0.76 

0.85 

0.41 

1000 me 

8.00 

7.60 

6.20 

3.31 

2.80 

2.47 

3.30 

1.60 

10 me 

3490 

3700 

17000 

12600 

7700 

5800 

7600 

17000 

Average 

Power 100 me 

(Watts) 

1000 

1000 

5200 

3800 

2400 

1600 

2300 

4600 

1000 me 

240 

300 

1500 

1000 

720 

560 

610 

1400 


All coaxial cables consist of the same basic 
elements: a center conductor, a dielectric and 
an outer conductor followed by a waterproof 
jacket. Where extreme environments may be 
encountered, an outside armor or lead sheath 
may be used. 

Coaxial cables arc available in three main 
configurations; braided flexible cable, semi- 
ilexible cable and rigid line. The braided 
cable consists of a solid or stranded inner con¬ 
ductor, solid dielectric, braided outer con¬ 
ductor and a protective plastic outer jacket. 
This cable is noted for its flexibility but suffers 
from higher losses than the other two types. 

Semifiexible cable is constructed with a solid 
or tubular inner conductor, a helical or foamed 
or solid dielectric and a tubular metal outer 
conductor. This cable may be bent during 
initial installation but cannot withstand con¬ 
stant flexing. 


Rigid lines are usually made from precision 
hard-drawn brass or copper tubing but ex¬ 
truded aluminum or copper-clad stainless steel 
have been used to a limited extent. The center 
conductor is rigidly supported by some type 
of dielectric bead or rod, mechanically crimped 
or swaged between the conductors. These lines 
exhibit low attenuation and high power han¬ 
dling ability and have long been the mainstay 
of commercial broadcasting. They also find 
extensive use in television broadcasting and 
commercial communications at frequencies 
where waveguide is too bulky. 

Flexible coaxial cables 

hi flexible coaxial lines, solid or stranded 
copper wire is normally used for the center 
conductor of the cable. In some cases copper 
covered steel conductors are used to add me¬ 
chanical strength to the smaller cable sizes. 
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Fig. 1, Coaxial Structure. 


Silver plating is applied to prevent oxidation 
of the copper when the cable is used at ele¬ 
vated temperatures. Tin plating is used to 
facilitate soldering to connectors; however, 
the use of tinned conductors should be limited 
to low-frequency applications where the thick¬ 
ness of the plating will not significantly in¬ 
crease cable attenuation. 

A polyethylene dielectric is used almost ex¬ 
clusively where the maximum temperature 
will not exceed 185 degrees Fahrenheit. The 
use of Teflon (Polytetrafluoroethylene) is re¬ 
quired when temperatures from 185 to 500 
degrees are encountered in the vicinity of the 
dielectric. 

As a rule, the outer conductor consists oJ a 
close fitting braid of fine copper wire. A num¬ 
ber of fine wires are combined to form a car¬ 
rier comparable to a single flat reed in a woven 
basket; these carriers are woven in and out to 
form the braid. To avoid excessive radiation 
loss and to insure proper shielding, approxi¬ 
mately 99% braid coverage is required. This 
coverage is determined by the stranding of the 
carrier, the number of carriers and the “lav” of 
the braid. The lay is defined as that length of 
cable required for the carrier to make one 
complete revolution around it and determines 
ultimate cable flexibility. Tin- or silver-plated 
strands are used for the same reason as for the 
inner conductor, us well as the apparent rf 
resistance of the braid. Occasionally, a second 
braid of either copper or steel is used to im¬ 
prove the shielding properties ol the cable. The 
second shield has only a minimum effect upon 
attenuation and is designed primarily for im¬ 
proved flexibility and shielding. 

The jacketing material generally used with 
polyethylene cables is composed of black vinyl 
resins extruded over the outer conductor. 


There are two types of vinyl which are used 
for jacketing purposes: regular vinyl and non¬ 
contaminating vinyl. Because polyethylene has 
a chemical affinity for some of the plasticizers 
used in the regular vinyl jacket, the develop¬ 
ment of the noncontaminating type was under¬ 
taken, Although the dissipation factor of 
nearly all dielectric materials except Teflon 
increases with age due to natural oxidation, 
the use of a noncontaminating jacket limits 
deterioration in cable performance. Since the 
rate of aging is temperature dependent, the 
use of cables with the noncontaminating jack¬ 
ets is especially important where the cables 
will be subjected to elevated temperatures. 

The graph of Fig. 2 compares the attenua¬ 
tion of two samples of coaxial cables, one with 
a contaminating jacket (RG-8/U) and the other 
with a noncontaminating acket (R( --8 A tJ), to 
the number of days at a temperature of 200 
degrees Fahrenheit. After 160 days, the at¬ 
tenuation of the cable with the contaminating 
jacket at 3000 megacycles increased nearly 
four times while the attenuation of the cable 
with the noncontaminating vinyl jacket in¬ 
creased only 0.01 db per foot at the same fre¬ 
quency. It must be emphasized that while this 
200 degree test simply accelerated the aging 
process, normal aging will cause the same ef¬ 
fect at a slower rate. 

The useful life of cables jacketed with the 
contaminating type of vinyl is in the neighbor¬ 
hood of three o seven years. Beyond this 
point the attenuation increases exponentially 
and reaches very high values. On the other 
hand, cables with noncontaminating jackets 
offer life expectancies well in excess of fifteen 
years. Considering that their extra cost only 
runs about a penny a foot, the noncontami¬ 
nating types of cables are a good investment. 

Some polyethylene cables are jacketed with 
high molecular weight carbon-black loaded 



Fig. 2, Effect of contaminating jacket on cable 
attenuation. 
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polyethylene. These jackets contain no plas¬ 
ticizers whatsoever and offer life expectancies 
well in excess of twenty-five years. In addition, 
they are ten times less permeable to moisture 
than the vinyl jackets. 

I eflon insulated coaxial cables are jacketed 
with slightly different materials. Because of 
the higher temperature characteristics of the 
Teflon dielectric, it is desirable that the jacket 
also exhibit these same properties. For this 
reason, Teflon cables are usually jacketed with 
a close wrap of Teflon tape, followed by one 
or more fiber glass braids impregnated with 
silicon varnish. 

A relative new addition to the family of 
flexible cables is the foamed dielectric version. 
These cables were designed to satisfy the re¬ 
quirements for a low attenuation, low capacity , 
lightweight, flexible r-f cable. The dielectric 
consists of cellular polyethylene, foamed with 
an inert gas to produce completely enclosed 
cells within the polyethylene. Amphenol Poly¬ 
foam and Belden Foam-Core cables are of 
this type. 

Compared to a standard RC-/U cable of 
equivalent size, the attenuation of foam dielec¬ 
tric cables is reduced by as much as 35%, 
This is particularly desirable where long cable 
runs are required or for VHF and UHF appli¬ 
cations. 

Semiflexible coaxial cables 

There are many constructonal variations be¬ 
tween the extremes of rigid coaxial lines and 
flexible cables which fall into the categojy of 
solid-jacketed or semiflexible cables. These 
cables have a number of outstanding charac¬ 
teristics for a wide variety of applications. 
Their electrical advantages over the standard 
RG-/U type flexible cable are lower attenua¬ 
tion and minimum signal radiation or pickup. 
Mechanically, they are somewhat lighter in 
weight than flexible cables and have the ad¬ 
vantage of small size and complete weather¬ 
proofing. 

Instead of the conventional braid shield and 
vinyl jacket, the outer conductor of these 
cables is a seamless or corrugated ductile metal 
tube. Aluminum is most often used for such 
applications because of its lighter weight and 
lower cost than copper, but both steel and 
copper have been used to a limited extent. 
These cables may be formed into moderate 
bends during installation and in some applica¬ 
tions protective coverings may be added for 
greater abrasion or corrosion resistance. 

Since the seamless outer conductor prevents 
contamination of the dielectric material, nearly 
unlimited operating life may be expected. Also, 



Fig. 3. Special types of coaxial cable. 


the seamless outer conductor allows negligible 
energy radiation. Because of the lower losses 
associated with semi flexible cables, it is possi¬ 
ble to use a smaller size cable to obtain loss 
figures equivalent to a braided cable system. 

The dielectric used in semiflexible lines may 
be either an airspaced structure or some form 
of solid dielectric. In the former, a continuous 
or rod of dielectric material is spirally wound 
around the center conductor to support it as 
shown in Fig, 3. Styroflex® cables are manu¬ 
factured with a continuous laminated helix 
composed of thin flexible polystyrene tape; this 
tape is a unique form of polystyrene, charac¬ 
terized by excellent electrical and mechanical 
properties. No plasticizer is needed to achieve 
flexibility because this property is obtained by 
means of special manufacturing processes. The 
laminated type of construction has a great deal 
of strength and permits the finished cable to 
withstand heavy crushing loads. These lines 
are available in both 50 and 70 ohm versions 
in manv different sizes from % to 6J« inches in 
diameter. 

Another type of helical construction which 
is popular consists of a flat ribbon of polyethyl¬ 
ene or Teflon helically wound around the 
inner conductor. This ribbon is made by ma¬ 
chining a spiral from a hollow dielectric tube 
and drawing an aluminum sheath tightly over 
the open spiral. This type of construction re¬ 
sults in less attenation than the laminated 
helix, but is not as strong. Also, greater care 
must be taken during installation to insure 
that the center conductor does not shift be- 

* Trademark of Phelps Dodge Electronic Products Cor¬ 
poration 
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cause ol cable bends or thermal expansion. 
Helical Membrane 9 cables are of this type. 

Heliax ° ° is a special variety of helical con¬ 
struction that uses a thick polyethylene ribbon 
to support the inner conductor. The outer 
conductor is a length of corrugated steel tub¬ 
ing, copper plated on the inside for improved 
conductivity. The cable is protected on the 
outside with weatherproofing compound, im¬ 
pregnated paper tape and a vinyl jacket. 'I lie 
main advantage of this construction is the 

ability ol the outer conductor to withstand re- 

■» 

peated flexure (50 to 200 limes) without fail¬ 
ure. Also, no special straightening or bending 
tools are required during installation. 

For smaller size cables, sufficient strength is 
obtained with a spirally wound filament of 
Teflon or polyethylene at a much lower cost. 
Spirafil 9 cable is an example of this type man¬ 
ufacture. 

The second type of semiflexible cable uses 
a solid dielectric. Recent cables of this type 
use polyethylene or Teflon dielectric (Am¬ 
phenol’s Aljak) or foamed polyethylene (Phelps 
Dodge Foamflex) with an aluminum sheath, 

I lie use of solid dielectric increases the peak 
operating voltage and the attenuation, but 
maintains the equivalent power handling ca¬ 
pacity of air-spaced lines. 

Foamed polyethylene insulation offers a 
practical form of a homogenous air-filled di¬ 
electric which retains its normal dielectric 
strength without pressurization. The reduc¬ 
tion ol dielectric constant, compared with solid 
polyethylene, results in lower attenuation. 

Semiflexible coaxial lines provide a compact, 
rugged installation, with mechanical protec¬ 
tion equivalent to lightweight conduit for 
permanent installations in cable raceways, 
along bulkheads or similar applications. Close 
contact with metallic supporting structures 
greatly enhances their heat dissipating prop¬ 
erties. Other advantages over conventional 
braid cables are low attenuation, no radiation, 

^Trademark of Phelps Dodge 
*' Trademark of Andrews Corporation 
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Fig. 4. Semiflexible cable straightener. 
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high phase stability, uniform electrical charac¬ 
teristics over wide temperature variations, and 
unlimited operating life. 

The main disadvantage of solid-jacketed 
semiflexible cables (other than those with 
foamed dielectric) is that all newly installed 
air dielectric cables must lie purged and then 
pressurized with either dry nitrogen or de¬ 
hydrated air before being placed into opera¬ 
tion. I his is to insure that the cable is and 
remains dry. The use of nitrogen gas is gen¬ 
erally preferred over dehydrated air in purg¬ 
ing and pressurizing relatively small and med¬ 
ium sized cable systems. 

* 

Semiflexible coaxial cables are becoming in¬ 
creasingly popular, particularly in those appli¬ 
cations requiting critical impedance, maximum 
shielding or noise-suppression requirements. 
Although they have seen little use as yet in 
amateur applications, it is expected that they 
will become popular in the Ul IF region where 
waveguide is prohibitively large and expensive. 

Although it is difficult to make an accurate 
comparison between flexible, semiflexible and 
rigid lines because of the difference in diam¬ 
eters, Table 1 lists some of the more common 
cables with their respective characteristics. 

If care and the proper tools are used during 
the installation of these cables, sharp bends 
and kinks can be avoided and the cables may 
he reused. Precautions should be taken to pre¬ 
vent continued vibration or flexing from “work 
hardening” and eventually cracking the sheath. 
From this standpoint, copper is 'ess susceptible 
to work hardening than is aluminum. 

The semiflexible cables are received from 
the manufacturer in a coil and it is usually 
necessary to straighten it before use. A simple 
straightening device consists of a close fitting 
wooden box as shown in Fig. 4. The recom¬ 
mended box length and cable cutout lor the 
common sizes of Semiflexible cable are given 
in the illustration, i Ins box may be constructed 
from any standard knot-free wood of suitable 

dimensions. The box entrances should lie 
countersinked as shown and a small amount of 
mineral oil applied to minimize friction. 

Threading the box onto the larger cables, 
particularly one iucli in diameter and larger is 
facilitated by using bolts. In this case, the 
top of the box is opened slightly to allow in¬ 
sertion of the cable and then is cinched down 
with the bolts. For smaller cables this is us¬ 
ually not necessary and the box may he put 
together with common wood screws. 

Most manufacturers furnish semiflexible 
coaxial cable in 1000 or 5000 loot lengths, 
but Phelps Dodge has special kits of M inch, 
50 ohm Foamflex with connectors for amateur 
applications. These kits are available in 50 or 
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100 foot lengths with connector, cable clamps, 
pi essure-sensitive tape and seven foot length 
of flexible RG-8A/U jumper included. For ap¬ 
plications where direct burial of the cable is 
desired, this cable is available with a special 
Habii lene jacket at a slightly higher cost. Al¬ 
though the non-jacketed version costs 50e per 
foot, file nearly unlimited operating life of¬ 
fered by this type coax set‘ins to outweigh the 
disadvantage of its higher cost over conven¬ 
tional braided transmission lines. 

Coaxial cable characteristics 

There are six basic coaxial cable parameters 
for which values are normally published. 
These are: 

1) Characteristic Impedance 

2) Attenuation 

3) Capacitance 

4) Velocity i -'actor 

5) Power Rating 

6) Maximum Operating Voltage 

The first lour characteristics are critically 
dependent upon the dimensional variations of 
the cable and are carefully regulated during 
the manufacturing process. The Iasi two pa¬ 
rameters are considerable less affected by anv 
dimensional variations, but are rather func¬ 
tions of the overall dimensions and type of 
coaxial cable. In addition, impedance, capaci¬ 
tance. attenuation, and velocity factor are all 
interrelated, while the voltage rating and 
power rating are pretty much independent of 
each other. 

Impedance 

The characteristic impedance of the cable 
is undoubtedly the most discussed and most 
used parameter. This quantity is directly pro¬ 
portional to the dimensions of the conductors 
and the dielectric constant of the insulating 
material as shown in Fig. 5. It is interesting 


Table 2. Comparison of optimum diameter ratios 
ond impedances for coaxial tines. 




Characteristic 
Impedance (Ohms) 

Condition 

D/d 

Air 

Die¬ 

lectric 

Polyeth¬ 

ylene 

Die¬ 

lectric 

Teflon 

Die¬ 

lectric 

Minimum 

Attenuation 

3 + 59 

76.6 

51,0 

52*9 

Maximum Voltage 

2.72 

60.0 

39.9 i 

41.4 

Maximum Power 

1.65 

30*0 

20.0 

20.7 



Fig. 5. Characteristic impedance of coaxial cables. 


to note that the dimensions of the conductors 
in a coaxial line may lie selected for minimum 
attenuation, maximum power or maximum 
voltage rating. Sadly enough, the dimensions 
for optimizing each of these characteristics 
are not the same; corresponding impedance 
values for optimizing each of the characteris¬ 
tics are listed in Table 2. 

Fortunately , moderate departures from these 
optimum values do not introduce rapid 
changes in the electrical characteristics of the 
line. For this reason, three impedance levels 
are generally accepted as reasonable compro¬ 
mises between the infinite number of possible 
values: 

50 ±2 ohms Preferred for YITF and UHF 

applications, test equipment, 
and transitions between coaxial 
line and waveguide. 

75 ±3 ohms High-frequency use to 30 me, 

very long cable runs. 

05 ±5 ohms Low capacitance, twin con¬ 
ductor cables. 

Generally speaking, the uniformity of the 
characteristic impedance has a greater effect 
on circuit performance than the absolute value 
of the impedance chosen. The larger center 
conductor of the 50-ohm line results in a 
stronger physical structure and a more uniform 
line. Also, 50-ohm lines facilitate the design of 
coaxial connectors with excellent impedance 
matching characteristics. 

Attenuation 

As a signal proceeds from the transmitter 
along the line to the antenna, the signal w ill 
decrease in magnitude because of cable at¬ 
tenuation. The attenuation in coaxial cable is 
made up of two kinds of losses; series losses in 
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Fig. 6. Attenuation of polyethylene cables. 



FREQUENCE LMC> 


Fig. 7. Attenuation of Teflon cobles. 


the center and outer conductors, and shunt 
losses in the dielectric. The series losses are 
proportional to the square root of the fre¬ 
quency and constitute the major portion of 
the cable s attenuation. Shunt losses are caused 
bv the conductivity of the dielectric material 

IP 

and are directly proportional to frequency. At¬ 
tenuation measurements at 100 me indicate 
that the conductor losses are about six times 
greater at this frequency than the dielectric 
losses. Oh the other hand, at 10,000 me, the 
dielectric losses are about twice as great as the 
conductor losses. 

The losses associated with the conductors 
are considerably increased when stranded con¬ 
ductors are utilized. For instance, a braided 
outer conductor will multiply the losses over a 
solid outer conductor by two or three times. 

I his is because the rf currents in a coaxial line 
are always in the direction of propagation. At 
the lower frequencies the currents tend to 
follow the individual braid wires spirally 
around the cable. At high frequencies how¬ 
ever, the currents move in a straight line from 
strand to strand, dissipating energy in con¬ 
tact resistance. 1 herefore, a braid having a 
long lay will have less attenuation than one 
having a short lay. Mechanical considerations 
limit the lay of the braid however and greater 
stability with flexing may be attained with a 
shorter lay. The tightness with which the 
braid is woven is also important in eliminating 
instability under flexing and in decreasing con¬ 
tact resistance between braid wires. Since a 
loose or open braid, or any form of surface 
contamination, may cause erratic attenuation 
when the cable is flexed, it is important that 
the individual braid wires are not embedded in 
the dielectric or jacketing material. The braid 
signed for increased stability at UHF fre¬ 
quencies. 

Attenuation curves for the more commonly 
used coaxial cables are plotted versus fre¬ 


quency in Figs. 6 through 9 respectively for 
polyethylene, 'Teflon, foamed and semiflexible 
lines. Tlie attenuation curves plotted in these 
graphs are based on an operating temperature 
of 68° Fahrenheit, and for accurate calcula¬ 
tions at other temperatures, the attenuation 
must be scaled according to the graph of Fig. 
JO. For the climatic conditions normally found 
in the continental United States, the changes 
will amount to less than three percent, but 
under extreme temperatures, these changes 
should be considered. 

W hen calculating the attenuation of a trans¬ 
mission line, the effect of any standing waves 
along the line must be considered if accurate 
results are desired. If the standing wave ratio 
is greater than one, line loss is multiplied be¬ 
cause the greater effective voltages and cur¬ 
rents along the line increase its resistive and 
dielectric losses. Line loss multiplication due 
to standing waves may be calculated from he 
relationship 


Line loss multiplier 


SWR + 


l 

SWR 



For convenience, line loss multipliers for 
standing wave ratios up to 11:1 are plotted in 

Fig. 11. 

Since coaxial line attenuation is given in 
decibels, it is helpful to convert to power ra¬ 
tios to determine the effect of line attenuation 
on transmitted power. Fig. 12 charts the trans¬ 
mitted power versus attenuation up to 10 db. 
If more accuracy is required, the “DB-Power, 
Voltage and Current Ratio Fable’’ may be 
used. 

Example 150 feet of RG-9B/U is used as 
the antenna transmission line in a 144 me 
amateur installation. With an ambient tem¬ 
perature of 85% standing wave ratio of 
2.6:1 and transmitter output power of 5S0 
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Fig. 8. Attenuation of foam dielectric cables. 





Ftg. 9. Attenuation of solid jacketed cables. 


watts, what is the total attenuation of the 
line and how much power will be trans¬ 
mitted to the antenna? 

From Fig. 6, the attenuation of RG-9B/U 
at 144 me is 2.7 db per 100 feet. The atten¬ 
uation per 150 feet then may be found from 


Loss i db) 


L (db i op) 

100 


Where I. Length of transmission line in feet 
db ion — Attenuation of line per 100 feet 
in db 

In this case, 

Loss (db) = - — = 4.0o db 

100 

This is the loss of 150 feet of RG-9B/T at 
144 me with unity SWK at 68 r Fahrenheit. 

r 

With an ambient temperature of 85°, the 
loss must be multiplied by 1.02 {see Fig, 
10). From Fig. 11, an SWR of 2.6:1 cor¬ 
responds to a line loss multiplier of 1.49. 
Under the stated operating conditions then, 
the total loss of the 150 foot transmission 
line is 

4.05 db X 1.02 X 1.49 = 6.16 db 
From f igure 1-12, 6.16 db corresponds 
to 24.2% of the transmitter power (580 
watts' will he transmitted to the antenna. 
0.242 X 580 = 139.4 watts to the antenna 

Cable capacitance 

The capacitance of solid dielectric cables 
varies inversely with the characteristic im¬ 
pedance and averages from 21 to 29.5 pf per 
foot respectively for 75- and 50-ohm cables. 
It is often desirable to have lower capacitance, 
particularly in conjunction with high-imped¬ 
ance circuits where the coaxial line shunts the 
input to the device. To obtain lower capaci¬ 


tances, a very thin center conductor or an air 
spaced dielectric is usually provided. In any 
case, the characteristic impedance of low ca¬ 
pacitance lines normally varies between 95- 
and 185-ohms. 

Velocity factor 

Tile velocity factor is defined as the ratio 
of the velocity of propagation of an if signal 
in a cable to the velocity of propagation in 
free space. \l lien a dielectric other than air is 
used as the nsulating material, the propaga¬ 
tion of the waves is slowed down by the di¬ 
elec (tic medium in much the same way that 
light is slowed down (and refracted) by a glass 
lens. For the case of polyethylene cables the 
velocity factor is 0.66; for Teflon, 0.695; and 
for foamed cables, between 0.78 and 0.80, de¬ 
pending upon the manufacturer. The impor¬ 
tant consideration here is that when a length 
of coaxial line is being cut to some specific 
electrical length it must be foreshortened by 
the velocity factor. As an aid in designing co¬ 
axial impedance transformers, baluns. rnatch- 



Fig. ] 0. Temperature correction factor for coaxial 
coble attenuation. 
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Fig. i |, Effect of SWR on line attenuation. 


ing stubs* etc., the electrical wavelengths of 
various cables are tabulated in Tables 4 
through 8, for the amateur bands up to 1296 

inc. 

Power rating 

Of major importance in the selection of a 
coaxial cable is the ability of the cable to 
safely carry the anticipated power. Since most 
of the medium sized cables used today will 
safely carry a lull kilowatt at the lower fre¬ 
quencies, this parameter is usually of little 
consequence to the amateur who limits his op¬ 
eration to 30 me and below. However, the 
power rating of any coaxial cable decreases 
with frequency and must be considered when 
running high power on the VHF and UHF 
bands. The maximum r-f power that a coaxial 
line may safely transmit is limited by either 
(1) the voltage introduced by the peak power, 
or (2) the thermal heating due to the average 
power. Which of these factors will predomi¬ 
nate van s with the operating conditions of the 
transmission line. 

At operating frequencies over 10 me the 
power rating of the cable resolves itself into 
a problem of efficient heat transfer from the 
coaxial cable surface to the surrounding en¬ 



vironment and the maximum temperatures 
which the cable materials can withstand. 

As might be expected, the voltage and 
power ratings increase directly with the di¬ 
ameters of the cable. Additionally, the amount 
o! heat which Hows radially irom the line de- 

w 

pends upon the thermal properties of the di¬ 
electric and jacket. Radio-frequency energy 
generates heat at the center conductor, within 
the dielectric and at the shield in direct pro¬ 
portion to the individual attenuation of each. 
Excessive heat can result in movement of the 
center conductor due to softening of the di¬ 
electric, mechanical damage due to thermal 
expansion and shortened life because of accel¬ 
erated chemical action. Therefore, for any 
praticiilar construction, the average power rat¬ 
ing will depend upon the permissible tempera¬ 
ture rise above a stated ambient. 

Assuming that the internal temperatures are 
the same, the power rating at one frequency is 
inversely proportional to the total attenuation 
at that frequency, and the power ratings at 
any other frequency mav be determined from 
the following expression: 

IT = IT - 

■3-t 

Where: IT = Power rating at unknown fre¬ 
quency 

IT = Power rating at test frequency 
a* — Attenuation at unknown fre¬ 
quency 

a t = Attenuation at test frequency 
Using tliis equation, a complete set of power 



Fig. 13. Power rating of coaxial cables. 
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rating curves max be plotted i! the attenuation 
curves are known. However, the power curves 
should not be plotted below 10 me because 
electric breakdown rather than thermal limita¬ 
tions will govern. 

Since a standing wave ratio along a trails* 
mission line multiplies the attenuation of the 
line, it w ill also decrease the power rating ol 
the cable. This is because there are larger ef¬ 
fective voltages and currents along a line with 
a standing wave ratio greater than 1:1 and 
hence considerable more heating of the con¬ 
ductors and dielectric. II it is assumed that 
the radial transfer of heat Irom the inner con¬ 
ductor to the atmosphere is the predominate 
factor, the power rating at other than unity 
SWR will be changed by a factor equal to the 
reciprocal of the new SWR; this power de¬ 
rating factor is plotted in Fig. 15. 

Example If a coaxial cable has a power rat¬ 
ing of 1000 watts at a specified frequency 
for an SWR of 1:1, the power rating with 
a SWR of 1.6:1 would be approximately 
625 watts at the same frequency. 

Another factor which derates the power 
handling capacity of the cable is the altitude. 
Tliis is because as the altitude is increased 
above sea level, the less dense atmosphere is 
a less efficient heat conductor and the power 
rating must be decreased accordingly. This 
altitude derating factor is illustrated graphi¬ 
cally in Fig. 16. Consequently, when consider¬ 
ing the maximum operating power of a coaxial 
line, four factors must be considered: fre¬ 
quency, standing wave ratio, ambient temper¬ 
ature, and altitude. 

Example Consider the hypothetical case of 
high power 432 me equipment located on 
top of a mountain under conditions: 

Altitude—5000 feet 

Ambient temperature—120° Fahrenheit 

Standing Wave Ratio—3:1 
Assuming RG-S/l coaxial line is used, what 
is the maximum power that may be safely 
used? 

Looking at the power rating curve in Fig- 
13, at 432 me RG-8/U will safely carry 430 
watts ol rf at sea level at 100 degrees 
Fahrenheit. Assuming that the station is 
5000 feet above sea level, the power rating 
must be decreased by 7% as shown in I ig. 
16 to 400 watts. Since the local temperature 
is 120 degrees, the power must be further 
reduced by 28% (Polyethylene curve in Fig. 
14) to 288 watts. In as much as the SWR 
is 3:1, a further reduction of 67% is re¬ 
quired, yielding a total power capability 
under the stated conditions ol 76 watts, 
more than a five to one reduction from the 
initial rated 430 watts. 



Fig. 14. Power rating foctor for coaxial cables. 


For higher ambient temperatures or lor in¬ 
creased power ratings. Teflon cables are de¬ 
sirable. Teflon has a slightly lower high-fre¬ 
quency attenuation because of the lower dis¬ 
sipation factor, but because ol their relatively 
high cost, Teflon cables are used only when 
their superior temperature characteristics or 
improved performance are economical. 

Phase temperature characteristic 

This term is of particular significance to 
those amateurs designing phased arrays where 
the phase relationship between signals travel¬ 
ing on different transmission lines is critical. 
This term is used to establish the variation in 
cable length with temperature. The reasons 
for variation are obvious when considering 
that all materials expand and contract with 
temperature. It is interesting to note that flexi¬ 
ble braided cable is very poor in this respect, 
whereas a good quality semifiexible cable will 
change less than 15 parts per million per de¬ 
gree Fahrenheit. 
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Table 3. DB power, voltage and current ratios. 


DB 

Power Ratio 

Voltage or 
Current Ratio 

Gain 

Loss 

Gain 

Loss 

0 A 

1.02 

.977 

1.01 

*989 

0.2 

1.05 

.955 

1.02 

.977 

0,3 

1.07 

.933 

1.03 

.966 

0.4 

1.10 

,912 

1.05 

.955 

0.5 

1.12 

.891 

1.06 

.944 

0.6 

1.15 

.871 

1.07 

.933 

0.7 

1.17 

,851 

1.08 

.923 

0.8 

1.20 

.832 

1.10 

.912 

0.9 

1.23 

.813 

1.11 

.902 

1.0 

1.26 

.794 

1,12 

.891 

1.1 

1.29 

.776 

1.13 

.881 

1.2 

1.32 

.759 

115 i 

.871 

1.3 

1.35 

.741 

1.16 , 

.861 

1.4 

1.38 

.724 

1.17 

.851 

1.5 

1.41 

.708 

1.19 

.841 

1.6 

1.44 

.692 

1.20 

.832 

! 1.7 

1.48 

.676 

1.22 

.822 

1.8 

1.51 

.661 

1.23 

.813 

1.9 

1.55 

.646 

1.24 

.803 

2.0 

1.58 

.631 

1,26 

.794 

2.1 

1.62 

.617 

1.28 

.781 

2.2 

1.66 

.603 

1.29 | 

.776 

2.3 

1.70 

.588 

1.31 i 

.763 

2.4 

1.74 

.575 

1.32 i 

.759 

2.5 

1.78 

.562 

1*33 

.752 

2.6 

1.82 

.550 

1.35 

.741 

2.7 

1.86 

.538 

1.36 

.735 

2.8 

1,90 

.525 

! 1,38 

.724 

2.9 

1.94 

.514 

1,39 

.716 

3.0 

1,99 

.501 

1.41 

.708 

3.1 

2,04 

.490 

1.43 

.699 

3.2 

2.09 

1 .479 

1.44 

,692 

3,3 

2.14 

.468 

1.46 

.684 

3.4 

2.19 

.457 

1.48 

.676 

3.5 

2.24 

.446 

1.50 

.667 

3.6 

2.29 

.436 

1.51 

.661 

' 3.7 

2.34 

.427 

1.53 

.654 

3.8 

2.40 

.417 

1,55 

.646 

3.9 

2.45 

*408 

1.57 

.638 

4.0 

2.51 

.398 

1.58 

.631 

4.1 

2.57 

.389 

1.60 ! 

.625 

| 4.2 

2.63 

.380 

1.62 

*617 

4.3 

2.69 

.372 

1.64 

.610 

4.4 

2.75 

.363 

1.66 

.603 

4.5 

2.82 

.355 

1.68 

.596 


Sh ielding properties 


Although it is generally accepted that the 
coaxial line offers a completely shielded 
method for rf transmission, this is not neces¬ 
sarily so. Interference and crosstalk can ap¬ 
pear between a coaxial me and surrounding 


DB 

Power Ratio 

Voltage or 
Current Ratio 

Gain 

Loss 

Gain 

Loss 

4,6 

2.88 

*347 

1.70 

.589 

4.7 

2.95 

*339 

1.72 

.582 

4.8 

3.02 

.331 

1*74 

.575 

4.9 

3.09 

.324 

1,76 

*568 

5.0 

3.16 

.316 

1.78 

*562 

5.1 

3.24 

*309 

1.80 

.556 

5.2 

3.31 

.302 

1.82 

*549 

5.3 

3.39 

.295 

1,84 

.543 

5.4 

3.47 

.288 

1.86 

.537 

5.5 

3.55 

,282 

1.88 

.531 

5,6 

3.63 

.275 

1*91 

.525 

5.7 

3.72 

.269 

1.93 

.519 

58 

3.80 

-263 

1.95 

.513 

5.9 

3.89 

.257 

1.97 

.507 

6.0 

3.98 

.251 

1.99 

.501 

6.5 

4.47 

,224 

2*11 

.473 

7.0 

5.01 

*199 

2.24 

.447 

7.5 

5.62 

*178 

2.37 

.422 

8.0 

6.31 

*158 

2*51 

*398 

8.5 

7.08 

.141 

2.66 

.376 

9,0 

7.94 

.126 

2.82 

,355 

9.5 

8.91 

.112 

2.98 

.335 

10.0 

10.00 

.100 

3.16 

.316 

11.0 

12.60 

*079 

3.55 

.282 

12*0 1 

15.80 

*063 

3.98 

-251 

13.0 

19.9 

.050 

4.47 

.224 

14.0 

25.1 

.040 

5.01 

.199 

15.0 

31.6 j 

.032 

5.62 

.178 

16.0 

39.8 

.025 

6.31 

.158 

17.0 

50.1 I 

.020 

7.08 

.141 

18,0 

63.1 

.016 

7.94 

*126 

19.0 

79.4 

.013 

8.91 

*112 

20.0 

100.0 j 

.010 

10,00 

.100 

21.0 

125.9 

.008 

11.22 

1 .089 

22.0 

158.5 

.006 

12.59 

.079 

23.0 

199.6 

*005 

14.13 

*071 

24.0 

251.2 

.004 

15.85 

.063 

25.0 

316.2 | 

.003 

17.80 

.056 

30.0 

1000.0 

.001 

31.62 

.032 

35.0 

3162.0 

.0003 

56.24 

*018 

40.0 

10000 

,0001 

100.00 

.010 

45.0 

31620 

.00003 

177.80 

.006 

50.0 

10* 

10 * 

316*23 

.003 

55.0 

— 

—V 

562.40 

.0017 

60.0 

10« 

10" 6 

1000.0 

.001 


equipment due to the radiation of energy 
through the braid. Although insignificant at 
the lower frequencies, it can become quite 
troublesome in the tTHF region. This radia¬ 
tion through the shield is attenuated in two 
ways: absorption by the shield material and 
reflection due to the impedance discontinuities 
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Fig. 16. Effect of altitude on power rating. 


where the individual strands of the braid cross 
one another. 

Frequently, the reflection loss from the ir¬ 
regularities of the braid material is greater 
than the attenuation through the braid. Also, 
if the braid is constructed from two different 
materials, the greater the reflections and the 
more effective the shielding. For instance, the 
use of copper and steel as a double braid 
forms a very effective low-frequency shield. 
Even greater shielding may be obtained by al¬ 
ternately interweaving layers of conductor and 
insulating materials and this “triaxial” tech¬ 
nique is often used in the manufacture of nigh 
voltage pulse cables. 

Cable standing wave ratio 

In the l 111’ region, the standing wave ratio 
of a properly terminated flexible coaxial cable 
may vary between 1.1 and 1.3, occasionally 
reaching sharp peaks of 1.6 to 1.8. This is be¬ 
cause flexible cables exhibit bad resonances at 
certain frequencies. These resonances are 
caused by periodic variations in the diameter 
of the dielectric. Small variations are inherent 
in the nature of the mechanical extrusion proc¬ 
ess and are more prevalent in Teflon than in 
polyethylene. From the standpoint of trans¬ 
mission line theory-, gradual variations in cable 
diameters would cause little reflection. How¬ 
ever, abrupt discontinuities in the line that 
are repeated periodically add up to a very- 
large mismatch at the input end of a long 
cable at those frequencies for which the dis¬ 
continuities are spaced by an even number of 
half cycles. 

Cutoff frequency 

Although it is not widely appreciated, co¬ 
axial cables do have an upper frequency limit. 


This so-called cutoff frequency is defined as 
that frequency at which the rf energy within 
the coaxial structure does not propagate in the 
proper mode; that is, the frequency at which 
the line acts more like a piece of waveguide 
than a piece of coax. 

The cutoff frequency is reached when the 
mean diameter of the coax becomes equal to 
one wavelength. Practical experience indicates 
that coax should not be used beyond about 
95% of this value because of the extremely 
abrupt increase in attenuation. This frequency 
is defined by the following relation: 


F„ (me) = 


7520 
(d 4- D) 


Where: F c = Cutoff frequency 

rl - Outside diameter of inner conductor 
ID — Inside diameter of outer conductor 
e = Dielectric constant of insulating 
material 

The cutoff frequency should be of little conse¬ 
quence to the majority of amateur applications 
since it falls well above 10,000 me for all but 
the large diameter cables. It should be noted 
that the attenuation curves should not be pro¬ 
jected into the cutoff region because of the 
rapid change in slope. 

Special cables 

In addition to the common i ypes of coaxial 
line with which most amateurs are familiar, 
there are several special cables that should be 
mentioned briefly. One of these is the high 
attenuation type designed specifically for at¬ 
tenuation pads and loads in instrumentation 
applications. In order to achieve high attenua¬ 
tion, RG-2X/U and RG-126/U use a high re¬ 
sistance number 16 AWG Nichrome wire tor 
the center conductor. Since the majority of 
attenuation is in the center conductor, the at¬ 
tenuation of these lines is roughly proportional 
to the square root of the frequency. These 
cables replace the older RG-38/U attenuating 
cable which used a lossy rubber dielectric as 
the attenuating element. In RG-38/1 , the at¬ 
tenuation is nearly proportional to frequency. 

Subminiature cables which do not have 
standard RG-/U designations are seeing ex¬ 
tensive use in transistorized equipment where 
size and weight are at a premium. Cables of 
this type are available in both flexible and 
semiflexible versions with Teflon, polyethylene 
and foam dielectrics. 

Triaxial cables are available which exhibit 
very good shielding properties at frequencies 
up to 10 me. Although intended primarily for 
pulse service, they may be used in other ap¬ 
plications where noise is a problem. 
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Table 9. Equivalent international coaxial cables. 


USA 

British 

French 

Swedish 

Russian 

RG-8/U 

Unrradto No* 67 

KX50MD1 

HK-50-7 

PK-47 

RG-l 1/U 

Uni radio No, 57* 

KX76MD1 

— 

PK-20* 

RG17/U 

Uni radio No. 74 

— 

HK-50-17 

— 

RG-58/U 

Uniradio No* 43 

— 

HK‘5GA-3 

—- 

RG-58A/U 

Uniradio No. 76 

■— 

HK-508-3 


RG63/U 

Uniradio No. 64 

— 

— 


RG-133/U 

Uniradio No. 78 

KX100MM1 

— 

— 


’Similar to but not equivalent 

Several manufacturers have special “low- 
noise" coaxial cables which remain electrically 
neutral under conditions of shock and vibra¬ 
tion. Spurious signals may be generated by 
standard flexible cable under conditions of ex¬ 
treme flexure; these signals may well be of a 
higher level than the useful signal being trans¬ 
mitted along the line. The reduction of this 
inherent noise is obtained by applying a semi- 
conductive coating between the dielectric and 
the outer braid. 

Although other countries do not have the 
convenience ol coaxial cable standardization 
that the 1 hiited States does, most of them have 
cables that are equivalent or similar to stand¬ 
ard RG-/U types. Table 9 lists British, French, 
Swedish and Russian coaxial cables and their 
RG-/U counterparts. 

Coaxial cable testing 

Accurate testing of coaxial transmission lines 
normally requires sophisticated laboratory 
equipment, but some rather simple tests that 
mav be made in the ham shack are useful in 
determining the quality of a particular coaxial 
cable in use. 

The easiest test is that of isolation between 
the inner and outer conductors. For this test 
a 500 volt megohmeter should be used. For 
good, high quality, unterminated coaxial cable, 
the isolation between the conductors should 
be at least 100,000 megohms. H the isolation 
is less than this, the attenuation ol (he line 
will be extremely high, the power rating will 
be limited and earlv failure may occur due to 

w ■ 

voltage breakdown or excessive heat. 

Impedance measurement 

Another lest that is simple to perform, and 


that is more indicative of cable quality is 
measurement of the characteristic impedance 
of the line. For new, high quality coaxial ca¬ 
ble, the characteristic impedance should he 
within one or tw o percent ol that specified by 
the manufacturer. For example, a 50 ohm line 
should have a characteristic impedance be¬ 
tween 49 and 51 ohms. If the measured im¬ 
pedance is more than two percent off, it is 
indicative of serious faults within the line. 
Poor manufacturing processes, contaminated 
dielectric, and moisture and dirt all contribute 
to the degradation of cable impedance. 

This test is easy to perform and requires 
only a grid-dip meter and an accurate capaci¬ 
tance bridge or Q-ineter, First ol all, one end 
of the cable to be tested is short-circuited with 
a piece of wire. The grid-dipper is then cou¬ 
pled to the other end of the line and tuned lor 
a dip. Resonant points will be obtained at sev¬ 
eral different frequencies, but the one lowest 
in frequency is the one used in this measure¬ 
ment. 

Next, remove the short and measure the 
capacity of the line with the capacitance 
bridge or Q-meter. For this measurement, sev¬ 
eral readings should he made and then aver¬ 
aged for best results. Using the capacity of 
the line and the lowest frequency of resonance, 
the characteristic impedance of the line may 
he calculated from the following formula. 


2.5 X 10’ 


Where Z„ = Characteristic impedance of the 

line 

f = Lowest frequency of resonance 
in me 

C = Capacity in picofarads 
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Example: A length of coaxial cable has a 
measured capacity of 1377 pf and the lowest 
frequency of resonance in 3.65 me. 

What is it.-= characteristic impedance" 

„ 2.5 X 10 6 in - i 1 

Z 0 — — — — ■ = 49./ 4 ohms 

(3.65 me) (1377 pf) 

Attenuation measurement 

The most direct method for measuring at¬ 
tenuation is to measure and compare voltages 
at the beginning and end of a properly termi¬ 
nated transmission line. A vacuum tube volt¬ 
meter may be used for this purpose at frequen¬ 
cies up to about 30 me, but at higher frequen¬ 
cies the two voltage measurements are more 
difficult to make and a more accurate method 
should be used. For frequencies up to about 
200 me, a Q-Meter may be used with rather 
accurate results. The (,'-meter is simply a se¬ 
ries-resonant circuit with a variable oscillator 
and a device for indicating the peak voltage 
or Q across the variable capacitor at resonance. 

To use this method of attenuation measure¬ 
ment, the line to be tested is attached to the 
Q-meter as shown in Fig. 17; a shorting switch 
is shown in the illustration, but any method 
of shorting the cable will do; a flat piece of 
copper sheet is excellent for this purpose, i he 
Q-meter is then adjusted to the resonant fre¬ 
quency of the open circuited line; when the 
line is shorted, the Q-meter should indicate 
series resonance at the same frequency. If not. 
a small frequency adjustment may be made to 
compensate for end effect and other stray ef¬ 
fects which cause slighi changes in resonance. 

Note the relative reading of the voltage in¬ 
dicator on the Q-meter with the line open- 
circuited and remove the cable from the meter. 
Substitute standard composition resistors 
across the Q-meter terminals until the same 
relative meter reading is obtained. When 
the equivalent parallel resonant resistance of 
the cable is determined, the attenuation ol the 
line may be calculated from: 

8.69 Z 0 

a = ——— 

Re 

Where: a — Attenuation in db 

Z„ = Characteristic impedance of the 
line in ohms 

Ii,, = Equivalent resonant resistance 
of the line 

Since this procedure is not dependent upon 
the actual values read on the Q-meter and the 
variable capacitor dial, better accuracy is ob¬ 
tained. This is because even the most expen¬ 
sive Q-meters are rather inaccurate at VHF 


Table 4 . Free space wavelength. 


Frequency 

(me) 

X 

X/2 

X/4 

3*50 

281/ 0.2 T 

140' 6.13" 

70' 3.07" 

3,75 

262' 3.45" 

131' 1.73" 

65' 6*87" 

4.00 

245' 10.73" 

122' 11.37' 

61' 5.69" 

7,00 

140 f 6*13" 

70' 3.07" 

35' 1.53" 

7.15 

137' 6.76" 

68' 9.38" 

34' 4.69" 

7.30 

134' 8.84" 

67' 4.42" 

33' 8.21" 

14.00 

70' 3*07" 

35' 1.53" 

17' 6*77" 

14.20 

69' 3.19' 

1 34’ 7.60" 

17' 3.80* 

14.35 

68' 6*50" 

34' 3*25" 

17' 1.63" 

21.00 

46' 10.04" 

23' 5.02" 

11' 8,51" 

21,25 

46' 3.43" 

23' 1.72" 

11' 6.86" 

21.45 

45' 10.25* 

22' 11,13" 

11' 5*57" 

28.00 

35' 1*53" 

17' 6*77" 

8' 9.38" 

28.50 

34' 6*14" 

17' 3.07" 

8' 7,54" 

29.00 

33' 11.00" 

16' 11,50" 

8' 5*75" 1 

29.70 

33' 1.44" 

16' 6.72" 

8' 3.36" 

50*0 

236.06" 

118.03" 

59*02" 

51.0 

231.43" 

115.72" 

57.86" 

52.0 

226.98" 

113.49" 

56.75" 

53.0 

222.70" 

111*35" 

55.68" 

54.0 

218.57" 

109.29" 

54,64" 

144.0 

81,97" 

40.98" 

20,49" 

145,0 

81*40" 

40*70 tf 

20.35" 

146.0 

80.84" 

40,42* 

20.21* 

147.0 

80.29" 

40.15" 

20.07" 

148.0 

79.75" 

39.88" 

19.99" 1 

220,0 

53.65" 

26.83" 

13.41" 

222*5 

53*05" 

26.52" 

13.26" 

225.0 

52.46" 

26.23" 

13*12" 

420,0 

28.10" 

14.05* 

7.03" 

425.0 ■ 

27.77" 

13.89" 

6.94" 

432.0 

27.32" 

13.66" 

6.83" 

440.0 

26.83" 

r i3.4i ff 

6.71" 

450.0 

26.23’ 

13.12" 

6.56" 

1215.0 

9.71" 

4.86" 

2.43" 

1225.0 

9.64" 1 

4*82" 

2.41" 

1250.0 

9*44" 

4.72" 

2.36" 

1275.0 

K 9.26" 

4.63" 

2*32" 

1296*0 

9.11' 

4.55" 

2.28" 


i 



0-METER 


Fig. 17. Test setup for measuring coaxial coble 
attenuation. 
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Table 5. Coaxial cable wavelength. Polystyrene 
dielectric. Velocity of propagation = 0.66. 


Frequency 

(me) 


3.50 

3.75 

4.00 

7.00 

7.15 

7.30 

14.00 

14.20 

14.35 

21.00 

21.25 

21.45 

28.00 

28.50 

29.00 

29.70 

50.0 

51.0 

52.0 

53.0 

54.0 

144.0 

145.0 

146.0 

147.0 

148.0 

220.0 

222.5 

225.0 

420.0 

425.0 

432.0 

440.0 

450.0 

1215.0 

1225.0 

1250.0 

1275.0 

1296.0 


X 


185' 

5,70" 

173' 

1.32' 

162' 

3.48' 

92' 

8.85" 

90' 

9.50" 

88' 

11.11* 

46' 

4.42" 

45' 

8.59" 

45' 

2.85* 

30' 

10.95* 

30' 

6.59" 

30' 

3.17" 

23' 

2.21" 

22' 

9.33* 

22' 

4.62" 

21' 

10.31" 


155.80" 

152.74" 

149.81" 

146.98" 

144.26" 

54.10" 

53.72" 

53.36" 

52.99" 

52.64" 

35.41" 

35.01" 

34.62* 

18.55" 

18.33" 

18.03" 

17.71" 

17.31" 

6.41" 

6.36" 

6.23" 

6 . 11 * 

6 . 01 * 


X/2 


92' 

8.85* 

86' 

6.66" 

81* 

1.74" 

46' 

4.42* 

45' 

4.75" 

44' 

5.56* 

23' 

2.21* 

22' 

10.29" 

22' 

7.43" 

15' 

5.48* 

15' 

3.29" 

15' 

1.58" 

11' 

7.11' 

11* 

4.67' 

11' 

2.31' 

10' 

11.16' 


77.81* 

76.37" 

74.90* 

73.49" 

72.13" 

27.05" 

26.86" 

26.68’ 

26.50* 

26.32" 

17.71" 

17.51" 

17.31" 

9.27" 

9.17" 

9.02" 

8.85" 

8 . 66 " 

3.21" 

3.18" 

3.12" 

3.06" 

3.00" 


X/4 


46' 

4.42" 

43' 

3.33’ 

40 r 

6.87" 

23' 

2.21" 

22' 

8.38" 

22' 

2.78" 

11' 

7.11* 

IV 

5.15" 

11' 

3.71* 

7' 

8.74" 

7' 

7.65" 

7* 

6.79" 

5' 

9.55* 

5' 

8.33" 

5' 

7.15* 

5' 

5.58" 


38.91* 

38.19" 

37.45' 

36.75" 

36.06* 

13.52" 

13.43* 

13.34* 

13.25* 

13.16* 

8.85* 

8.75' 

8 . 66 * 

4.64" 

4.58" 

4.51" 

4.43" 

4.33' 

1.60" 

1.59* 

1.56' 

1.53" 

1.50* 


frequencies. On (he other hand, tests have 
show n that standard composition resistors ex¬ 
hibit constant resistance from DC to about 
200 me and the comparison method yields pre¬ 
cision of about 5 percent for 50 ohm coaxial 
cables. 


Example: What is the attenuation of a 50 ohm 
coaxial cable with an equivalent parallel 
resonant resistance of 91 ohms? 


S.69 X 50 
91 


4.8 db attenuation 


Table 6. Coaxial cable wavelength. Teflon dielec 
trie. Velocity of propagation = 0.695, 



Frequency 

(me) 


3.50 

3.75 

4.00 

7.00 

7.15 

7.30 

14.00 

14.20 

14.35 

21.00 

21.25 

21.45 

28.00 

28.50 

29.00 

29.70 

50.0 

51.0 

52.0 

53.0 

54.0 

144.0 

145.0 

146.0 

147.0 

148.0 

220.0 

222.5 

225.0 

420.0 

425.0 

432.0 

440.0 

450.0 

1215.0 

1225.0 

1250.0 

1275.0 

1296.0 


195’ 

3.73* 

182' 

3.48' 

170' 

10.76" 

97' 

7.86" 

95' 

7.28" 

93' 

7.70" 

48’ 

9.93" 

48' 

1.68" 

47' 

7.64" 

32' 

6.62* 

32' 

2.25" 

31' 

10.4 1" 

24' 

4.97" 

23' 

11.83* 

23' 

6.86" 

23’ 

0.22* 


164.06" 
160.84* 
157.75" 
154.77* 
151.91" 

56.97" 

56.57" 

56.19" 

55.80" 

55.43" 

37.29" 

36.87* 

36.46" 

19.53" 

19.30" 

18.99* 

18.64" 

18.23" 

6.75" 

6.67" 

6.56* 

6.43* 

6.33" 


97' 

7.86' 

91' 

1.74" 

85' 

5.38" 

48' 

9.93" 

47' 

9.64" 

46' 

9.85' 

24' 

4.97" 

24' 

0.84" 

23' 

9.82" 

16' 

3.31* 

16' 

1.01* 

1 5' 

1 1.21" 

12' 

2.49* 

ir 

11.91* 

11' 

9.43" 

1 1' 

6.11 ff 


82.03" 

80.42* 

78.88" 

77.39" 

75.96" 

28.48" 

28.29' 

28.09" 

27.90' 

27.71" 

18.64* 

18.43" 

18.23” 

9.77" 

9.65" 

9.50” 

9.32" 

9.12" 

3.38" 

3.34" 

3.28* 

3.22* 

3.16" 


48' 

9.93' 

45' 

6.87" 

42' 

8.69* 

24' 

4.97" 

23' 

10.82” 

2V 

3.93* 

12' 

2.49" 

12 r 

0.42" 

1 L' 

10.91" 

T 

3.66" 

7' 

2.51" 

7 f 

1.61" 

6' 

1.25" 

5' 

11.96" 

5' 

10.72" 

5' 

9.06" 


41.02* 

40.21" 

39.44" 

38.69* 

37.98* 

14.24" 

14.14* 

14.05" 

13.95" 

13.86* 

9.32* 

9.22* 

9.11* 

4.89" 

4.83" 

4.75" 

4.66* 

4.56* 

1.69* 

1.67' 

1.64' 

1.61* 

1.58" 


Time domain reflectometry 

In military and commercial installations, the 
time domain reflectometry technique is used 
to determine the performance of coaxial cable 
systems. Although this system in its commer¬ 
cial form is much too sophisticated for most 
amateur installations, it should be mentioned 
in passing. Phis technique uses pulse-echo 
measurements to locate points of impedance 
t liange along a coaxial transmission line and 
has been referred to as a “closed loop” radar 
system. Here a fast rising voltage pulse is re¬ 
petitively fed into the transmission line under 
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Table 7. Coaxia 1 cable wavelength, Amphenol poly¬ 
foam dielectric. Velocity of propagation — 0.80. 


Frequency 

(me) 

X 

X/2 

X/4 

3.50 

224* 9,82* 

112' 4,91* 

56' 2.46* 

3.75 

209' 9.96" 

104' 10.98" 

52' 5.49" 

4,00 

196' 8.58" 

98' 4.29* 

49' 2.15* 

7.00 

112' 4.90* 

56' 2.45* 

28' 1.23* 

7.15 

110' 0.61* 

55' 0.31" 

27' 6.15* 

7.30 

107' 9.47" 

53' 10.74' 

26' 11.37" 

14.00 

56' 2.45* 

28' 1.23" 

14' 0.61* 

1 14.20 

55' 4.95" 

27' 8.48" 

13' 10.24" 

14,35 

! 54' 10.00* 

27' 5.00" 

13' 8.51" 

21.00 

37' 5.64* 

18' 8.87* 

9' 4.43* 

21.25 

37' 0.35* 

18' 6.17” 

9' 3.09" 

21.45 

36' 8.20* 

18' 4,10" 

i 9' 2.05* 

28.00 

28' 1,23* 

14' 0,61* 

T 0.31* 

28.50 

27 f 7.31* 

13' 9,66* 

6' 10.83" 

29.00 

27' 1.60" 

13' 6.80" 

6' 9.40" 

29.70 

: 26' 5.95* 

13' 2.98* 

6' 7,49* 

50.0 

188.85" 

94.42* 

47.21* 

51.0 

185.14" 

92.57" 

46.29" 

52.0 

181.58" 

90.79" 

j 45.40* 

53.0 

178.16* 

89.08" 

44.54" 

54.0 

174.86" 

87,43* 

1 43,71" 

144.0 

65.57* 

32.79* 

1 16,39" 

145,0 

65,12* 

32.56" 

16.28" 

146.0 

- 64.67* 

1 32.34* 

16.17* 

147.0 

64.23* 

32.12" 

16.05" 

148.0 

63,80* 

31.90" 

15.95" 

220.0 

42.92* 

| 21.46" 

10.73* 

222.5 

42.44" 

21.22* 

10.61" 

225.0 

41.97* 

20.98" 

10.49* 

420.0 

22.48* 

11,24* 

5.62" 

425.0 

22.22* 

li.ii" 

5,55* 

432.0 

21.86" 

10.93" 

5.46" 

440,0 

21.46" 

10.73" 

5.37" 

450.0 

20,98* 

10.49" 

5.25* 

1215.0 

7,77* 

3.89* 

1.94* 

1225.0 

7.71* 

3.85" 

1.93* 

1250.0 

7.55* 

3.78" 

1.89* 

1275.0 

7.41" 

3.70* 

1.85* 

3 296.0 

7,29* 

3.64" 

1.82" 


test; impedance changes along the line reflect 
some of the energy and the reflections are 
viewed on an oscilloscope. Because the pulse 
travels clown the line at a known speed (de¬ 
termined by the velocity factor of the cable), 
impedance changes separated in space are sep¬ 
arated in time and appear as individual 4 pips” 
on the scope. Furthermore, the shape and size 
of each reflection is indicative of the type of 
impedance discontinuity present. 

This system is particularly useful in large 
installations where it is desirable to locate 
physical deformities, breaks and other injuries 


Table 8. Coaxial cable wavelength. Belden foam- 
core dielectric. Velocity of propagation =- 0.78. 


Frequency 

(me) 

X 

X/2 

X/4 

3.50 

219' 2.37" 

109' 7.19" 

54' 9.59" 

3.75 

1204' 7.01" 

102' 3.51" 

51' 1.75" 

4.00 

191' 9.57" 

95' 10.59" 

47' 11.39" 

7.00 

109' 7.18* 

54' 9.59* 

27' 4.80" 

7.15 

f 107' 3.59* 

53' 7.80* 

26' 9.90" 

7.30 

105' 1.14* 

52' 6.57* 

26' 3.29* 

14.00 

54' 9.59* 

27' 4.80* 

13' 8.40" 

14.20 

54' 0,33* 

27' 0.17" 

13' 6.08" 

14.35 

53' 5.55" 

26' 8.78" ; 

13' 4.39" 

21,00 

36' 6.39* 

18' 3.20" 

9' 1.60* 

21.25 

36’ 1.24" 

18' 0.62* 

9' 0.31" 

21.45 

35' 9.20” 

17' 10.60* 

8' 11.30* 

28.00 

27' 4.80" 

13' 8.40" 

6' 10.20" 

28.50 

26' 11,03* ! 

13' 5.51* 

6' 8,76" 

29.00 

26' 5.46* 

13' 2.73" • 

6' 7.36" 

29.70 

25' 10.00’ 

12' 11.00* , 

6' 5.50" 

50,0 

184.13" 

92.06* 

46.03" j 

51.0 

180.52" 

90.26" 

45.13" 

52,0 

177.04" 

88.52* 

44.26" 

53.0 

173.70* 

86,89-* 

43.43" 

54.0 

170.49" 

85.24" 

42.62" 

144.0 

63.93* 

31.97* 

15.98* 

145.0 

I 63.49" 

31.75* 

15.87* 

146.0 

63.06" 

31.53* 

15.76" 

147,0 

62,63* 

31.31" 

15,66" 

148.0 

62.21" 

31.10" 

15.55" 1 

220.0 

41.85" 

20.92" 

10.46" 

222.5 

41.38* 

20.69" 

10.34" 

225.0 

40.92" 

20.46" 

10.23" 

420.0 

21.92" 

10.96* 

5.48" 

425.0 

21.66" 

10.83" 

5.42" 

432.0 

21.31" 

10.66" 

5.33" 

440.0 

20.92" 

10.46* 

5.23" 

450.0 

20.46" 

10,23* 

5.11* 

1215.0 

7.58" 

3.79* 

1,89* 

1225.0 

7.52" 

3.76" 

1,88" 

1250.0 

7.37" 

3.68" 

1.84* 

1275.0 

7,22* 

3.61" 

1.81" 

1296,0 

7.10" 

3.55" 

1.78" 


without complete disassembly and examina¬ 
tion. Since this technique indicates the nature 
of the problem, it is possible to determine such 
things as impedance discontinuities caused by 
a tightly squeezed cable clamp or improperly 
installed connectors, i n one case the time do¬ 
main reflectometry technique showed exactly 
where to examine a cable in an antenna tower 
to find a cable injury caused by a rifle bullet. 
On a large ship a mismatch problem was pin¬ 
pointed and upon investigation was found to 
be in the vicinity of steam pipes that had 
softened the cable dielectric. 
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Coaxial cable installation 

In the installation and use of coaxial trans¬ 
mission lines, there arc seven basic rules which 
must he followed il the most advantageous 

use of the line is to be realized. These are as 
follows: 

1* Select cables well within their electrical 
ratings. 

2. Do not specify Teflon dielectric cables 
unless the power ratings or ambient 
temperature exceeds the safe values' for 
polyethylene. 

3. Seal the ends ol all cables during stor¬ 
age to preclude damage from moisture 
and dirt. 

4. Do not install coaxial cable in close 
proximity to “hot spots” such as heat 
dissipating resistors or vacuum tubes. 

5. Avoid bending radii less than ten times 
the cable diameter. 

6. Use hanger straps or clamps to relieve 
strain on long cable runs. 

7. Use the least number of coaxial con¬ 
nectors possible; they increase the stand¬ 
ing wave ratio. 

»• 

Long coaxial cable runs 

When long horizontal cable runs are re¬ 
quired in a particular installation, the coaxial 
cable should be lashed to a suspended steel-re¬ 
inforced cable messenger. It is important that 



DETERMINE THE uOvES* resonant FREQUENCY of THE cable 


Fig. 18. Test (arrangements for determining coaxia 


the proper messenger be selected on the basis 
of length, weight and climatic conditions, l or 
most amateur installations where cable diame¬ 
ters are less than % inch in diameter, and 
where suspension lengths of 150 feet nr less are 
required, steel-reinlorccd messenger cable with 
a tensile strength of 80,000 pounds is satis¬ 
factory. The coaxial cable is then lashed to 
the messenger cable with hard AWG #12 
aluminum lashing wire. The easiest and most 
reliable method of lashing is to spirally wind 
the lashing wire around the coaxial cable and 
the messenger. Care should be taken so that 
the lashing is tant and pitch is uniform. When 
coaxial connectors must be installed along a 
suspended cable run, an expansion loop must 
be provided. This loop allows for thermal ex¬ 
pansion and contraction, relieving axial stress 
on the connector, and effectively anchors (he 
inner and outer conductor together, preventing 
relative motion between them. 

Selecting coaxial cable 

If in the selection of a coaxial transmission 
line the impedance, attenuation and other cri¬ 
teria are optimized, the maximum use of the 
cable will Ire obtained. As an aid to coaxial 
cable selection. Table 10 lists all of tire RG-/U 
cables in common use today along with their 
most important operating parameters. Foamed 
flexible cables are contained in a separate 
chart at the end of the RG-/U listing. 



MEASURE THE CAPACITANCE OF TK CABLE 


cable impedance. 
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Table 10. Coaxial cable characteristics. 



Inner 

Conductor 

Dielectric 

Jacket 

Shield 

Imped- 

Cap. 

Engineering Data 

Attenuation 
in db/100 ft 

Ma*. 

Opr, 

Mai. 

Power 

RG/U 



Material 





artce 

(Ohms) 

cpf/ni 



Volts 

Watts 

Type 

Mat. 

Strand 


Mat. 

O.D. 

Inner 

Outer 



(100 

me) 

(1000 

me) 

RMS 

(fi 50m c 

4 

c 

20 AWG 

A1 

V 

0.226 

C 

C 

50.0 

300 

Replaced by 
RG-58/U 

— 


1900 

300 

5 

c 

16 AWG 

A1 

V 

0.332 

C 

c 

52.5 

28.5 


2,6 

9.5 

3000 

600 

5A 

sc 

16 AWG 

Al 

NVG 

0.328 

SC 

sc 

50.0 

28.5 


2.4 

8.8 

3000 

600 

56 

sc 

0.051 

Al 

NVB 

0.328 

SC 

sc 

50.0 

28.5 

Now designated as 
RG-212/U 

2.4 

8.8 

3000 

600 

6 

cw 

21 AWG 

Al 

NVG 

0.332 

SC 

c 

76.0 

20.0 


2,8 

11.0 

2700 

600 

6A 

cw 

0,0285 

Al 

NVB 

0.332 

SC 

c 

75.0 

20.0 


2,8 

11.0 

2700 

600 

7 

c 

19 AWG 

A2 

V 

0.370 

— 

c 

95.0 

12.5 

Replaced by 
RG-G3B/J 

2.0 

7.8 

1000 


S 

c 

7/0.0285 

Al 

V 

0.405 

— 

c 

52.0 

29.5 


2.1 

9.0 

4300 

1445 

SA 

c 

7/0.0285 

Al 

NVB 

0.405 

** 

c 

52.0 

29.5 

Now designated as 
RG-213/U 

2.1 

9.0 

5000 

1445 * 

9 

sc 

7/0,0285 

Al 

NVG 

0.420 

SC 

c 

51.0 

30.0 


2.0 

8.5 

4000 

1445 

9A 

sc 

7/0.0285 

Al 

NVG 

0.420 

sc 

sc 

51.0 

30.0 


2.3 

8.6 

4000 

1445 

9B 

sc 

7/0.0285 

Al 

NVB 

0.420 

sc 

sc 

50.0 

30.0 

Now designated as 
RG-214/U 

13 

8.6 

5000 

1445 

£0 

c 

7/0.0285 

Al 

NVGA 

0.475 

— 

c 

52.0 

29.5 


2.1 

9.0 

400O 

1445 

10A 

c 

7/0.0285 

Al 

NVGA 

0,475 


c 

52,0 

29.5 

RG-8A/IJ with 
armor. Now 
designated as 
RG-215/U 

2,1 

9.0 

5000 

1445 

11 

TC 

7/0.0159 

Al 

V 

0.405 

■— 

c 

75.0 

20.5 


2.1 

7.8 


i 1445 

iiA 

TC 

7/0J59 

Al 

NVB 

0.405 


c 

75.0 , 

20.5 


2.1 

7.8 

5000 

1445 

12 

TC 

7/0.0159 

Al 

NVBA 

0.475 

— 

c 

75.0 

20,5 


2,1 

7.8 

4000 

1445 

12A 

TC 

7/0.0159 

Al 

NVBA 

0,475 

— 

c 

75.0 

20,5 

RG-11A/IJ with 

armor. 

2.1 

7.8 

5000 

1445 

13 

TC 

7/0 0159 

Al 

V 

0.420 

c 

c 

74.0 

20.5 


2.1 

7.8 

4000 

1445 

13A 

TC 

7/0.0159 

Al 

NVB 

0.420 

c 

C ! 

74.0 

20.5 

Now designated as 
RG-216/U 

2.1 

7.8 

5000 

1445 

14 

C 

0.102 

Al 

NVG 

0.545 

c 

c 

52.0 

29.5 


1.4 

6.2 

5500 

I280 

14 A 

C 

0.102 

Al 

NVB 

0,545 

c 

c 

52.0 

29.5 

Now designated as 
RG-217/U 

1.4 

6.2 

7000 

1280 

15 

CW 

15 AWG 

Al 

V 

0.545 

c 

c 

76.0 

20.0 


1.58 

6.5 

5000 

1280 

16 

CT 

0.125 

Al 

V 

0.630 

— 

c 

52.0 

29.5 


1.2 

6.7 

6000 

— 

17 

C 

0.188 

Al 

NVG 

0.870 


c 

52.0 

29.5 


0.85 

4.2 

11000 

7450 

17A 

c 

0.188 

Al 

NVB 

0,870 

— 

c 

52.0 

29.5 

Now designated as 
RG-218/U 

0.85 

4.2 

nooo 

7450 

17 B 










Cancelled.Assigned 
new nonienela- 
lure as RG-I77/U 





IS 

c 

0.183 

Al 

NVGA 

0.945 

1 — 

c 

52.0 

29,5 


0.85 

4.2 

11000 

7450 

ISA 

c 

0.188 

Al 

NVBA 

0.945 


c 

52.0 

! 29.5 

Nov, designated as 
RG-219/U 

0.85 

4.2 

11000 

7450 
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111 













































































































































Inner 









Attenuation 



RG/U 

Conductor 

Dielectric 

jacket 

Shield 

Imped- 

Cap. 

Engineering Data 

in db/100 ft 

Max. 

Opr. 

Max. 

Power 

Type 



Material 





a nee 

(Ohms) 

(pf/ft) 



Volts 

Watts 










(100 












(1000 

RMS 1 

(<i 5 0 m c 


Mat. 

Strand 












Mat. 

0*0* 

Inner 

Outer 




me) 

me) 



19 

C 

0.250 

Ai 

NVG 

LI 20 



52.0 

29 5 


0-68 

3.5 


8400 

8100 

-— 

C 


i i IE 

19A 

20 

C 

0.250 

A] 

NVB 

uao 

— 

c 

52.0 

29.5 

Now designated as 
RG-22Q/U 

0.68 

3.5 

14000 


C 

0.250 

Al 

NVGA 

1.195 

— 

c 

52.0 

29.5 

0.68 

3.5 

14000 

8400 

20A 

21 

C 

HR 

0-250 

Al 

NVBA 

1.195 

— 

c 

52.0 

29.5 

Now designated as 
RG-22I/U 

0.68 

3.5 

14000 

8400 

0,0508 

Al 

NVG 

0.332 

sc 

sc 

53,0 

29.0 

15.0 

46.0 

2700 

— 

21A 

HR 

0.0508 

Al 

NVB 

0.332 

SC 

sc 

530 

29.0 

Now designated as 

15.0 

46.0 

2700 


22 










RG-222/U 





C 

7/0.0152 

Al 

V 

0.405 

— 

TC 

95.0 

16.0 

Two conductors 

3.6 

13.7 

1000 

—■ 

22A 

C 

7/0.0152 

AI 

NVG 

0.420 

■— 

TC 

95.0 

16.0 

Two conductors 


— 

1000 

— 

22B | 

C 

7/0.0152 

Al 

NVB 

0.420 

TC 

TC 

95.0 

16.0 

Two conductor 






-- 

— 

ihu s i ;■ 

— 

23 










balanced cable,. 

Conductors 

twisted 





C 

7/0.0285 

Al 

V 

0.650 

C 

C 

125.0 

12.0 

Two conductors 

1.7 

7.3 

3000 

600 

23 A 

c 

7/0.0285 

Al 

NVB 

0.650 

C 

C 

125.0 

12.0 

Two conductors 

1.7 

7.3 

3000 

600 

24 

c 

7/0.0285 

Al 

VA 

L034 

c 

C 

125.0 

12.0 

Two conductors 

1.7 

7.3 

3000 

600 

24 A 

c 

7/0.0285 

Al 

NVBA 

1.034 

c 


125.0 

12.0 

Two conductors 

1.7 

7,3 


600 


c 












RG-23A/U with 


29 










armor 





c 

20 AWG 

Al 

P 

0*184 


TC 

53.5 

28.5 

Replaced by 
RG-58/U 

4.3 

18.0 

1900 

300 

33 

c 

10 AWG 

Al 

Lead 

0**70 

— 

* 

51.0 

30.0 

— 


6000 

— 

54 

c 

7/0.0285 

AI 

V 

0.625 

*— 

C 

71.0 

215 


1.8 

7.5 

5200 

— 

34 B 

c 

7/0.0249 

Al 

NVB 

0.630 

— 

c 

75.0 

21.5 


L4 

5.9 

5200 

— 

35 

c 

9 AWG 

AI 

NVGA 

0.945 


c 

71*0 

21.5 


0.7 

4.2 

I00C0 

7450 

35B 

c 

0.1045 

Al 

NVBA 

0.945 

— 

c 

75.0 

21.5 


0.85 

3.6 

10000 

7450 

36 

c 

0.162 

Al 

V 

1.180 

— 

c 

69.0 

22.0 


— 

— 

13000 

— 

42 

HR 

21 AWG 

Al 

NVG 

0.342 

sc 

sc 

78,0 

20.0 

Replaced by 

17.0 

54.0 

2700 

___ 

54 










RG-2I/U 





c 

7/26 AWG 

Al 

V 

0.275 


c 

58.0 

27,0 

Replaced by 
RG-54A/U 

-—- 

— 

2500 

— 

54A 

c 

7/0.0152 

At 

p 

0.250 

— 

TC 

58.0 

26.5 

3.1 

12.0 

3000 

— 

55 

c 

20 AWG 

Al 

p 

0.206 

TC 

TC 

53.5 

28.5 


4.2 

16.0 

1900 

335 

55A 

sc 

0.035 

Al 

NVB 

0.216 

SC 

SC 

50.0 

29.0 


4.8 

16.8 

1900 

335 

55B 

sc 

0.0320 

Al 

PB 

0.206 

TC 

TC 

53.5 

28.5 

Now designated as 

4.8 

16.8 

1900 

335 



7/0.0285 








RG-223/U 1 





£7 

c 

Al 

V 

0.625 

—■ 

TC 

95.0 

; i7,o 

Two conductors 

3,0 

13.6 

3000 

— 

57A 

c 

7/0.0285 

Al 

NVB 

0.625 

— 

TC 

9b,0 

17.0 

Two conductors 

3.0 

13,6 

3000 

— 

5S 

c 

20 AWG 

AI 

V 

0.195 

— 

TC 

53.5 

28.5 


4.2 

16.0 

1900 

300 

58A 

TC 

19/0.0071 

AI 

V 

0.195 

— 

TC 

52.0 

28.5 


5.3 

27 0 

1900 

300 

58 B 

c 

20 AWG 

AI 

NVB 

0.395 

—W 

TC 

53.5 

28.5 


4.2 

no 

1900 

300 


112 
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RG/U 

Inner 

Conductor 

Dielectric 

Jackel 

Shield 

Imped- 

Cap. 

(pt/ft) 

Engineering Data 

Attenuation 
in db/100 ft 

Max. 

Opr, 

Max, i 
Power 

Type 



Material 





ance 

(Ohms) 



Volts 

Watts 



1 







(100 


RMS 

Ot 50m c 











(1000 














Mat. 

Strand 


Mat* 

0,D. 

Inner 

Outer 




me) 

me) 



58C 

TC 

19/0.0071 

A1 

NVB 

0 195 


TC 

50.0 

28.5 


5.3 

22.0 

1900 

300 

59 

CW 

22 AWG 

AI ' 

V 

0.242 

— 

C 

73.0 

21,0 


38 

14.0 

2300 


59 A 

cw 

0,0230 

AI 

NVB 

0.242 

— 

c 

75,0 

21.5 


4.0 

14.0 

2300 

—- 

598 

CW 

00230 

Al 

NVB 

0.242 

— 

c 

c 

75.0 

21,0 


4.0 

14.0 

2300 


62 

cw 

22 AWG 

A2 

V 

0.242 

— 

93.0 

13.5 


3.1 

10.0 

750 


62A 

cw 

0.0253 

A2 

NVB 

0.242 

— 

c 

93.0 

13 5 


3.1 

10.0 

750 

— 

62B 

cw 

7/32 AWG 

A2 

NVB 

0,242 

— 

c 

93,5 

14,5 


3.1 

10.0 

750 

— 

63 

cw 

22 AWG 

A2 

V 

0.4O5 

— 

C 

125 0 

10.0 


2.0 

7,0 

1000 

— 

63 A 

c ! 

22 AWG 

Al 

V 

0,405 

— 

c 

125.0 

10.0 

Replaced by 

2.0 

7.0 

1000 

— 











RG-63B/U 





638 

cw 

0,0253 

A2 

NVB 

0.405 

— 

c 

125.0 

10.0 


1.99 

64 

1000 

— 

65 

F 

32 AWG 

Al 

V 

0.405 

—p 

c 

950.0 

44.0 

High impedance 

— 

—— 

1000 

— 











video cable used 
as delay line 





65A 

F 

32 AWG 

Al 

NVB 

0.405 

— 

c 

950.0 

44.0 


— 

*— 

1000 

— 

71 

cw 

22 AWG 

A2 

P 

0.250 

TC 

TC 

93.0 

13.5 


3.1 

10.0 

750 

— 

71A 

CW 

22 AWG 

A2 

V 

0.250 

TC 

TC 

93.0 

13.5 


3.1 

10.0 

750 

-— 

71B 

cw 

0.0253 

A2 

PB 

0 250 

TC 

TC 

93,0 

14.5 


3,1 

10.0 

750 

■— 

72 

cw 

22 AWG 

A2 

V 

0.630 

— 

C 

150,0 

— 



— 

— 

i — 

73 

c 

20 AWG 

A! 

C 

0.275 

C 

C 

25.0 

— 



— 

— 

— 

74 

c 

10 AWG 

Al 

NVGA 

0.615 

c 

C 

52,0 

29.5 


1.4 

6.2 

5500 

1280 

74A 

c 

0.102 

Al 

NV8A 

0,615 

c 

C 

52.0 

29.5 

Now designated as 

1.4 

6,2 

7000 

1280 











RG-224/U 





79 

cw 

22 AWG 

A2 

VA 

0.475 


c ! 

125.0 

10.0 


2.0 

7.0 

1000 


79B 

cw 

0.0253 

A2 

NVBA 

0.475 


c 

1250 

11,0 

RG-63B/U with 

2.0 

7.0 

m il i m 



V 



83 


10 AWG 








armor 

2.8 

9.6 



c 

Al 

V 

0.405 


C 

35.0 

44 0 



-— 

V 






84 A 

c 

0.1045 

Al 

NVBL 

LOGO 

_ 

c 

75.0 

21.5 

RG-35B/U with 



10000 

—- 











lead sheath in 
lieu of armor 





85 A , 

f,c 

0.1045 

Al 

NVBA 

1 565 

— 

c 

75.0 

21,5 

RG-84A/U with 

— 


toooo 

—■ 











special armor 





87 A 

sc 

7/0.032 

FI 

FG 

0.425 

sc 

sc 

‘t, 50.0 

29.5 

For replacement 


— 

5000 

— 











purposes only. 
Use RG-225/U 





89 

cw 

22 AWG 

A2 

V 

0.632 

— 

c 

125.0 

10.0 


2.0 

7.0 

1000 

*— 

93 

c 

19/0.040 

F2 

FG 

0,710 

_ 

c 

50.0 

29,0 

Replaced by 

— 

— 

toooo ! 

— 

94 


19/0.0255 








RG-117/U 





sc 

F2 

FG 

0.445 

c 

c 

50.0 

29.0 

Now designated as 

_ 



— 


u 















RG-226/U 





94A 

sc 

19/0.0254 

F2 

FG 

0.500 

c 

c 

50.0 

27.0 


— 

— 

7000 


100 

c 

19/0.0147 

Al 

V 

0.242 

— 

c 

35.0 

44.0 



— 

2000 

— 

108 

TC 

7/28 AWG 

Al 

NVG 

0.235 

— 

TC 

78.0 

24,5 

Two conductors 

—■ 

— 

1000 

-— 


JULY 1966 111 






















































































RG/U 

inner 

Conductor 

Dielectric 

Jacket 

Shield 

Imped- 

Cap. 

Engineering Cala 

Attenuation 
in db/100 ft 

Max. 

Opr. 

Max, 

Power 

Type 



Material 





ance 

(Ohms) 

cpf/ft> 



Veils 

Watts 


Mat. 

Strand 


Mat. 

0.0, 

Inner 

Outer 


(100 

me) 

(1000 

me) 

RMS 

(*i 50mc 

10SA 

TC 

7/28 AWG 

Al 

NVB 

0.235 

— 

TC 

78.0 

24.5 

Two conductors 



1000 

— 

11! 

C 

7/0.0152 

A! 

NVGA 

0.490 

TC 

TC 

95.0 

16.0 

Two conductors 

— 

— 

1000 

_ 

111A 

C 

7/0.0152 

AI 

NVBA 

0.490 

TC 

TC 

95,0 

16.0 

Two conductors 


— 

1000 


114 

cw 

0.007 

A2 

V 

0.405 

— 

C 

185.0 

6.8 

Special low 
capacitance 

■— 

— 

1000 

— 

114 A 

cw 

0.007 

A2 

NVB 

0.405 

■— 

c 

185.0 

6.8 

Special low 
capacitance 



1000 

— 

115 

sc 

7/0,028 

F2 

FG 

0.375 

SC 

sc 

50.0 

29,5 


— 

— 

5000 

- 

USA 

sc 

7/28 AWG 

F2 

FG 

0.415 

sc 

sc 

50.0 

29.5 


— 


4000 

— 

116 

sc 

7/0.032 

FI 

FGA 

0.490 

sc 

sc 

50,0 

29.5 

Now designated as 
RG-227/U 

— 

— 

5000 

— 

117 

c 

0.188 

FI 

FG 

0.730 


c 

50.0 

29.0 

Now designated ,r; 
RG-211/U 

— 


7000 

— 1 

118 

c 

0J88 

FI 

FGA 

0,795 


c 

50.0 

29.0 

Now designated as 
RG-228/U 

— 


7000 

— 

| 119 

c 

0.102 

FI 

FG 

0,465 

c 

c 

50.0 

29.0 

High temperature 

—- 

— 

6000 

— 

' 120 

c 

0.102 

FI 

FGA 

0,525 

c 

c 

50.0 

29.0 

RG-1I9/U with 
armor 

— 

— 

6000 

— 

122 

TC 

27/36 

AWG 

Al 

NVB 

0.160 


c 

50.0 

29.5 

Same as RG-58A/U 
except smaller 
size and lighter 
weight 

7.0 

29,0 

1900 


124 

TCW 

22 AWG 

F2 

FG 

0,240 

— 

TC 

73.0 

20.5 

Replaced by 
RG-140/U 

— 

*— 

2300 

— 

125 

CW 

26 AWG 

A2 

NVB 

0.600 


c 

150.0 

7.8 

Special low 
capacitance 

— 

*— 

2000 

— 

126 

HR 

7/0.0203 

FI 

FG 

0,280 

— 

HR 

500 

29.0 

High attenuation 

— 

70.0 

3000 

—■ 

130 

C 

7/0.0285 

Al 

V 

0.625 

— 

TC 

95.0 

17.0 

Two conductors 

— 

— 



131 

C 

7/0.0285 

Al 

VA 

0.710 

— 

TC 

95.0 

17.0 

RG-130/U with 
armor 

—■ 

— 

8000 

— 

133 

c 

' 21 AWG 

Al 

V 

0.405 

— 

c 

95.0 

16.2 


— 

— 

4000 

— 

140 

sew 

0.025 

FI 

FG 

0.233 

— 

sc 

75.0 

21.0 

High temperature 
similar to 
RG-59A/U 

— 

-— 

2300 

■— 

141 

sew 

0.0359 

FI 

FG 

0.190 


sc 

50.0 

28.5 


— 

— 

1900 

— 

141A 

sew 

0.0359 

FI 

FG 

0.190 

— 

sc 

50.0 

28.5 

High temperature 
similar to 
RG-58C/U 

— 

—- 

1900 

-— - 

142 

sew 

0.0359 

FI 

FG 

0,206 

$c 

sc 

50.0 

28.5 


— 

— 

1900 

— 

I42A 

sew 

0.0359 

FI 

FG 

Qim 

sc 

sc 

50.0 

28.5 

High temperature 
simitar to 
RG-55A/U 

— 


1900 

— 

143 

sew 

0.057 

FI 

FG 

0.325 

sc 

sc 

50.0 

28.5 


— 

— 

3000 

*— 

143A 

sew 

0.059 

FI 

FG 

0.325 

sc 

sc 

50.0 

28.5 

High temperature 
similar to 
RG-5B/U 

— 

— 

3000 

— 

144 

sew 

7/0.0179 

FI 

FG 

0.410 


sc 

75.0 

20.5 

High temperature 
similar to 
RG-1I/U 



5000 


146 

cw 

0.007 

F3 

FG 

0.375 


c 

190.0 

6.0 

High temperature, 
low capacitance 

— 

— 

1000 

— 

147 

c 

0.250 

AI 

VA 1 

1,937 


c 

52,0 

29.5 

RG 19/U with 
armor 

0.68 

3.5 

14000 

8400 


114 


73 MAGAZINE 


























































































































1 









Attenuation 



RG/U 

inner 

Conductor 

Dielectric 

Jacket 

Shield 

Imped- 

Cap, 

Engineering Data 

in db/100 ft 

Max. 

Opr. 

Max. 

Power 

Type 



Material 





a nee 

(Ohms) 

(pf/fo 



Volts 

Watts 









{100 

(1000 

RMS 

{a 50mc 


Mat. 

Strand 


1 Mat. 

O.D. 

Inner 

Outer 




me) 

me) 



148 

c 

7/21 AWG 

A1 

VA 

0.800 

— 

C 

52,0 

29,5 

RG-8/U with armor 

2.1 

9.0 

4000 

1445 

150 

TC 

7/26 AWG 

AL 

VA 


.— 

C 

75.0 

— 

RG-149/U with 

— 

—. 

—- 

—* 











armor 





149 

TC 

7/26 AWG 

A! 

V 

0,405 

— 

c 

75,0 

— 

Low noise 

— 

— 

— 


' 156 

TC 

7/21 AWG 

A1 

NVB 

0.540 

Three 

braids 

50.0 

30.0 



— 

10000 

—, 







TC r GS, TC 








157 

TC 

19/24 

A1 

NVB 

0,725 

Same as 

50.0 

38.0 



— 

15000 

■—■ 



AWG 




RQ-156/U 








158 

TC 

37/.0284 

A1 

NVB 

0,725 

Same as 

25,0 

78.0 


— 

— 

15000 

— 







RG-1J 

S6/U 








159 

SC 

20 AWG 

F2 

FG 

0.195 

— 

SC 

50.0 

29,0 

Replaced by 

— 


— 

■— 











RG-142/U 





ipi 

SB 

7/38 AWG 

FI 

N 

0.090 

— 

sc 

70.0 

20,0 

Miniature 

— 

— 

1000 


164 

C 

0.1045 

A1 

NVB 

0,870 

— 

c 

75.0 

— 


0.85 

3.6 

10000 

7450 

165 

sc 

7/0.032 

FI 

FG 

0.410 

— 

sc 

50.0 

■s— 


«— 

— 

5000 

— 

166 

sc 

7/0,032 

F! 

FGA 

0.460 

— 

sc 

50.0 

— 


— 

— 

5000 

— 

174 

cw 

7/34 AWG 

A1 1 

V 

0.100 

— 

TC 

50,0 

30.4 


9.0 

30.0 

1500 

125 

177 

c 

0.195 

Al 

NVB 

0.895 

$c 

sc 

50.0 

— 


— 


11000 

—> 

178 

sew 

7/, 0039 

FI 

K 

0.079 


SC 

50,0 

27.9 




ne u i im 

— 







178A 

sew 

7/.004 

FI 

K 

0.075 

— 

SC 

50.0 

27 9 


— 


1200 

— 

179A 

sew 

7/.004 

FI 

K 

0.105 

— 

sc 

75.0 



— 

— 

1200 

— 

180 

sew 

7/.O039 

FI 

K 

0.141 

— 

sc 

93.0 

15 3 


— 

-—■ 

1500 

— 

180 A 

sew 

7/.004 

FI j 

K 

0.145 


sc 

95.0 

14.5 


—■ 

— 

1500 

— 

131 

c 

7/26 AWG 

Al 

NVB 

0,640 

— 

c 

125.0 

12.0 

Two conductor 

— 

— 

3500 

— 

187 

sew 

7/0004 

FI 

T 

0.110 

— 

sc 

75.0 


High temperature 

— 

— 

1200 

— 











miniature cable 





198 

sew 

7/0.0067 

FI 

T 

0 110 

— 

SC 

50.0 

— 

High temperature 

— 

—- 

1200 

—■ 











miniature cable 





189 

c 

0.251 

A2 

P 

0.875 

— 

sc 

50.0 

23,0 


— 

— 

3500 


190 

TC 

19/25 

D 

SR 

0,700 

GS 

TC 

50.0 

50.0 

Low noise pulse 

— 

— 

3500 




AWG 








cable 





195 

sew 

7/,0Q4 

FI 

T 

0,155 

— 

sc 

95,0 

—- 

High temperature 

— 

— 

1500 

— 











miniature cable 





196 

sew 

7/004 

F! 

T 

0.080 


sc 

50.0 


High temperature 


_ 

n 11 m 

















miniature cable 





209 

sew 

19/0.037 

F3 | 

PF 

0.750 

SC 

sc 

50,0 

— 


—— 

— 

3200 

*“ | 

210 

sew 

0,0253 

F2 

FG 

0.242 

— 

sc 

93.0 

14.5 

Replaces RG-62C/U 

3.1 

10.0 

750 

■- 

211 

c 

0.190 

FI 

FG 

0.730 

—. 

c 

50,0 

29,0 

Formerly RG-117/U 

•— 

- — 

7000 

— 

212 

sc 

0.0556 

Al 

NVB 

0.332 

sc 

sc 

50.0 

29.5 

Formerly RG-5B/U 

2.4 

9.1 

3000 

600 

213 

c 

7/0.0296 

Al 

NVB 

0.405 

— 

c 

50.0 

29.5 

Formerly RG-8A/U 

2,1 

9.0 

5000 

1445 

214 

sc 

7/0.0296 

Al 

NVB 

0.425 

sc 

sc 

50.0 

29.5 

Formerly RG-9B/U 

2.3 

8.6 

5000 

1445 

215 

c 

7/0.0296 

Al 

NVBA 

0,475 


c 

50.0 

29.5 

Formerly RG-10A/U 

2.1 

9-0 

5000 

1445 
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l 

RG/U 

Inner 

Conductor 

Dielectric 

Jacket 

Shield 

Imped- 

Cap. 

Engineering Data 

Attenuation 
In db/100 N 

Max. 

Opr, 

Max- 

Power 

Type 



Material 





a nee 
(Ohms) 

tpf/ft) 



Volts 

Watts 


Mat- 

Strand 


Mat. 

G*D, 

Inner 

Outer 



(100 

me) 

(1000 

me) 

RMS i 

(§ 50mc 

216 

TC 

7/0.0159 

Al 

NVB 

0.425 

c 

C 

75.0 

20.5 

Formerly RG-13A/U 

2*15 

8.4 

5000 

1445 ' 

217 

C 

0.106 

Al 

NVB 

0.545 

C 

C 

50.0 

29.5 

Formerly RG-14A/U 

1.4 

5*6 


1280 

218 

C 

0.195 

Al 

NVB 

0-870 

— 

C 

1 50.0 

29.5 

Formerly RG-17A/U 

0.96 • 

4.4 

11000 

7450 

219 

c 

0*195 

Al 

NVBA 

0.945 

— 

c 

| 50.0 

29.5 

Formerly RG-18A/W 

0.96 

4.4 

11000 

7450 

220 

e- 

0-260 

Al 

NVB 

1.120 


c 

50.0 

29.5 

Formerly RG-19A/IJ 

0*69 

3.6 

14000 

8400 

221 

; c 

0.260 

Al 

NVBA 

1.195 

— 

c 

50.0 

29.5 

Formerly RG-20A/U 

0.69 

3.6 

14000 

8400 

222 

HR 

0.0556 

Al 

NVB 

0.332 

sc 

sc 

| 50.0 

— 

Formerly RG-21A/U 

15.0 

46.0 

2700 

— 

223 

SC 

0-035 

Al 

NVB 

0Z16 

sc 

sc 

50.0 

29.5 

1 Formerly RG-55A/U 

4.6 

16.8 

1900 

335 

224 

C 

0.106 

Al 

NVBA 

0.615 

c 

c 

50.0 

29.5 

1 Formerly RG-74A/U 

1.4 

5.6 

7000 

1280 

225 

SC 

7/0.0312 

FI 

FG 

0.430 

sc 

sc 

50.0 

29.5 

Formerly RG-87A/U! 

— 


5000 

— 

226 

SC 

19/.0254 

F2 

FG 

0.500 

c 

c 

50.0 

27.0 

Formerly RG-94A/U 

— 

— 

7000 

— 

227 

SC 

7/0.0312 

FI 

FGA 

0.490 

sc 

sc 

50.0 

29.5 

Formerly RG-116/LI 

— 

— 

5000 

— 

228 

c 

0.190 

FI 

FGA 

0.795 

— 

c 

500 

29*0 

Formerly RG-118/U 

— 

— 

7000 

-—■ 

235 

sc 

7/0-028 

F2 

PF 

0.750 

sc 

sc 

! 50.0 

29.5 

RG-115A/U with 

PF jacket 

— 

— 

5000 , 

— 

236 

c 

0.160 

Al 

See 

Shield 

0.5 

Alum. 

Tube 


50.0 

24.0 


0.8 

5.4 

1000 

— 

237 

c 

0.160 

Al 

p 

0.6 

Alum. 

Tube 

— 

50.0 

24.0 


0.8 

5.4 

1000 

— 

244 

c 

0.102 

Al 

See 

Shield 

0.5 

Alum* 

Tube 

— 

75.0 

15*5 


0.74 

4.8 

1200 


245 

c 

0.102 

Al 

p 

0.6 

Alum. 

Tube 

— 

75.0 1 

15.5 


0.74 

4J 

1200 

■ 

246 

c 

0.189 

Al 

See 

Shield 

0.88 

Alum. 

Tube 

— 

75.0 

15.6 


0.42 

3.0 

2200 

— 1 

247 

c 

0.189 

Al 

P 

1.02 

Alum, 

Tube 


75.0 

is.o 


0.42 

3.0 

2200 

— 


Dielectric Materials 
At Solid polyethylene 

A2 Air-spaced polyethylene 

FI Solid tetrafluorethylene (Teflon) 

F2 Taped teirafiuoretftylene (Teflon• 

F3 Air-spaced tetrafluorethylene (Teflon) 

D Layer of synthetic rubber dielectric between thin layers 
ducting rubber 

Conductor and Shield 

C Copper 

CW Copper-covered steel (Copperwetd) 

F Forme* F 

HR High resistance wire 

GS Galvanized steel 

SB Silver-covered cadmium bronze 

SC Silver-covered copper 

SCW Silver-covered copper-covered steel! 

TC Tinned copper 

TCW Tinned copper-covered steel 


Jacket Materials 

V Low temperature black polyvinylchloride, contaminating type 
plasticizers 

NVB Low temperature black polyvinylchloride, non-contaminating 
type plasticizers 

NVBA Same as NVB, but with armor 

NVG Grey polyvinylchloride, non-contaminating type plasticizers 
NVGA Same as NVG, but with armor 
P Stabilized natural polyethylene 
PB High molecular weight black polyethylene 
PF Polyester fiber impregnated with high temperature lacquer over 
wrapped or extruded silicone rubber over silicone impregnated 
fiberglass 

FG High temperature lacquer impregnated fiberglass braid, usually 
with Teflon tape between shield and jacket 
FGA Same as FG, but with armor 

SR Black synthetic rubber 

T Tetrafluorethylene (Teflon) 

K Kel-F 

N Nylon 

C Copper braid 

Lead lead sheath 
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ible 11. Foamed dielectric coaxial cables. 


Part 

No. 

RG/U 

Type 

Inner 

Conductor 

Die¬ 

lectric 

Jacket 

Shield 

Imped¬ 

ance 

Cap. 

<pf/ft) 

Attenuation 
in db/100 ft 

Mat 

Strand 

Material 

Mat 

O.D» 

Inner 

Outer 

(Ohms) 

(100 me) 

(1000 me) 






BE 

:lden f 

OAM CC 

}RE 





8211 

59 

CW 

22 AWG 

FP 

PB 

0.242 

c 

—- 

80 

16.3 

3,4 

10.7 

8212 

59 

cw 

20 AWG 

FP 

PB 

0,242 

C 

— 

75 

17.3 

3,2 

13.8 

8213 

11 

c 

14 AWG 

FP 

PB 

0.405 

c 

— 

75 

17.3 

1.5 

5.8 

8214 

8 

c 

7 x 19 

FP 

V 

0.403 

c 


50 

26.0 

i.8 

6,3 

8219 

58 

c 

19 x 32 

FP 

V 

0.195 

c 

50 

26.0 

4.8 

16.1 






AMf 

^HENOL 

POIYF 

OAM 





521-100 

11 

c 

14 AWG 

FP 

PB 

0.405 

C 

— 

75 

16.5 

1,4 

6.6 

521-111 

8 

c 

7 x 19 [ 

FP 

V 

0.405 

c 

— 

50 

24.5 

1.8 

7.2 

521-685 

62 A 

cw 

0.023 

FP 

NV8 

0.242 

C 

— 

93 

14.5 


— 

521-700 

59A 

cw 

22 AWG 

FP 

V 

0.195 

c 

—- 

72 

17.0 

3.4 

13.1 

621-701 

59 

cw 

22 AWG ' 

FP 

V 

0.195 

c 


72 

17.0 

3,4 

13.1 

621-715 

59 

cw 

22 AWG 

FP 

PB 

0.195 

c 


72 

17.0 i 

3.4 

13.1 


Next month in 73: 

Another special book feature— 

The Coaxial Connector Handbook 

by Jim Fisk WA6BSO 
And in the September issue— 

Coaxial Accessories 

by Jim Fisk WA6BSO 
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(Continued from page 4) 



$10 S 


net ppd. 
U.S.A. 




BROAD BAND BALUN 

• Flat in the amateur bands 
from 3 to 30 Mcs. • Full legal power • Fully 
weather sealed # Matches coax to antenna or 
balanced line. • Improves efficiency and radia¬ 
tion pattern. 

Two models, 1 to 1 or 4 to 1 impedance ratio 
Size l Vi" OD x 4" long, Wt, 4 ex* 

FUGLE LABS 1935 Watchun* Ave., Plainfield, M.J. 


J 


GIA1T . MULTI METER 


Features ne* tf orte overbad 1 protection. shortifig 
switch position !' , precision resistors used 

DC Volts, CM).5/2,5 l(j 50 250 500 1,000 5*000 
AC Volt*- 0 2,5 1U 50/250 SOO 1.000 {10K opvj 
DC Current; 0 5 * lma, 5Qma. SSOma/lA/lOA. 

AC Current: O lA/lOA, 

Ohmsi 0-10K/100K/1M/100M, V 

SHIPPED Pft£P 4 lp WHEW CHECIT *CCO»#PAWrE$ OltDES 

ELECTRONIC 
PRODUCTS, tMc. 

LAWRENCE, MASSACHUSETTS 


OflOER 

FROM 


ALC 

LAWRENCE 


44 


LARGEST SELECTION in United States 
AT LOWEST PRICES—48 hr. delivery 

Thousands of frequencies in 
stock. Types include HC6/U, 
HC18/U, FT-241, FT-243, 

FT-171, etc, 

SEND 10 4 far utalofl with oiclilator 
tlreiltt. iafindid on first order, 

24008 CrytUi Dr., Ft My* «, Ra, 33M1 



WE WANT TO BUY 

Surplus Aircraft Radio & Test Equipment 

We will pay cash or trade you (whatever you need) 
for the following items; 

Test Equipt. Signal Generators, 

Measurements Carp* Models 65-B 
Boonton Radio Co. Models 232A, 235A. 

Hewlett-Packard Co, Models 608D, &12A r 624C, 

Military Models, SG-IA.5G-2, SG-13, 5G--66A, MD83A, 

TS-510A. 

Aircraft Navigation & Communication Equip!. 

ARC-34, ARC-38, ARC-52, ARC-73. ARN-14, ARN-59, 

ARN-73. 

Aircraft Instruments, 

ID-249A, ID-250A, ID-251 A, ID-351 A, ID-307. 

We also want late type Aircraft Radio and Radar equip¬ 
ment manufactured by Collins Radio Bendix Radio and Air¬ 
craft Radio Corp. 

Write, Wire or Phone if you can supply any of these. 
Ask for Norm Ekhner* 

Norman Electronic Sales 

1413 Howard St. Chitago, III. 60626 


GUARANTEED RECONDITIONED 


HAM GEAR 

WRITE NOW 
FOR MONTHLY 
. FLYER. 


Phcn>: (4151 
0 ) 2-5717 


999HOWARD AVE-BURLINGAME, CAL. 


*TW 0 -WAY* 

COMMUNICATION CRYSTALS 

AMERICAN CRYSTAL CC. 

PO BOX 2366 KANSAS CITY, M3. 


size, weight, reliability, ruggedness, power 
drain, ease of circuit construction, and in 
many cases, simplicity, performance and cost. 
Yet the 1966 ARRL Handbook gives semicon¬ 
ductors, except for silicon diodes, very short 
siil ift. There is a short chapter on semiconduc¬ 
tors in general, i hen the receiving chapter 
mentions and illustrates a transistor mixer for 
below 20 MHz with a very old transistor, a 
simple if system with older transistors and 
two rf amplifiers. This 58 page chapter on 
receiving also contains two transistor construc¬ 
tion projects, a foxir transistor regenerative 
receiver-code practice oscillator, and a tran¬ 
sistorized Selectoject, 

The 81 page transmitter section devotes a 
little over half a page to transistor output cir¬ 
cuits. It also describes a simple rf powered 
keying monitor (a similar device is described 
in the chapter on monitoring). 

The power supply chapter has a number of 
schematics using silicon diodes, but doesn’t 
even mention zener diodes. There is a long 
section on VR tubes, even though zeners are 
far more versatile, smaller, and usually 
cheaper. 

The VI11*' receiver uses two transistors in 
the audio section of a 420 MHz unstabilized 
transceiver. 

The VHF transmitting chapter uses IN34 
diodes as rf voltmeters for tuning the trans¬ 
mitters. 

The mobile equipment chapter is at the 
same time, most conscious of transistors, and 
yet most surprising since it uses transistors in 
at least some ol the modulator and power 
supply circuits, but uses tubes in all the con¬ 
verters, though one does have a transistor 
mixer and oscillator. 

T he test equipment chapter includes an ex 
cellent pulsed two tone oscillator for SSB and 
other checks. There’s also a field strength me¬ 
ter with a transistor meter amplifier. 

The reference chapter on vacuum tubes and 
semiconductors gives no data on transistors 
except for the common basing diagrams. The 
reason is obvious: there are well over 5000 
transistors now being manufactured and the 
ARRL apparently didn't desire to try to choose 
from among them for recommended devices. 

In view of the above uses of transistors in 
the ARRL Handbook, 1 don’t feel that the 
most prejudiced reader could state that the 
ARRL Handbook covers transistors very well. 
Hence my question. 

So 1 was very happy to have the chance 
to hear Byron Goodman \\TDX, editor of the 
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Buy these excellent Radio Societv of Great Britain Handbooks 

The RSGB Amateur Radio Handbook 

Th is fabulous 540 page hardbound handbook completely and 
thoroughly covers every aspect ol amateur radio; tubes, 
transistors, receivers, transmitters, vhf gear, antennas, sideband, 

FM, mobile equipment, noise and interference, propogation, 
keying, modulation, power supplies, measurements, operating 
and station layout and much, much more. It is completely illus¬ 
trated with photographs and drawings. This handbook is very 
well written and completely understandable. 'I'he HS(.IB tries 
to help hams improve themselves, so it includes much neces¬ 
sary technical data that some American handbooks ignore. For 
instance, suppose you want to design a linear for SSB. The 
Brand X Handbook devotes about four pages to description, in¬ 
cluding a table of typical values of popular tubes. The RSGB 
Handbook gives 13 pages to them, phis many pages of con¬ 
struction, etc. The RSGB Handbook is a necessity for the build¬ 
ing, technically minded ham. Even if you don't build, this 
hook will help you understand your equipment and radio 
better. $5,50 postpaid 


THE 

Amateur Radio 
Handbook 



AM 


The RSGB Radio Data Reference Book 


This Reference Book is the best we’ve seen. It has just about everything you want to look up 
in it. It gives you all of the pages missing from your Brand X Handbook, All of the formulas, 
graphs and tables you’ll ever need on RF power amplifiers, pi nets, tanks, filters, antenna de¬ 
sign, coils math, etc. are in this one book. It’s hardbound with traditional English quality, so 
won’t fall apart after a few months use as paper-bound books sometimes do. If you build, if 
you want to be able to use your equipment properly, you need this book. only $2.25 


These RSGB honks shipped postpaid front Peterborough. try to keep them in stock for immediate 

deli verify hut the tremendous demand for them has meant that tve sometimes have to back order for 
a few weeks. The RSGB Amateur Radio Circuits Book we have been advertising is temporarily out of stock. 
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Peterborough, N.H. >3458 


Handbook, speak on the role of semiconduc¬ 
tors in amateur radio at the A11RL National 
Convention. His talk answered my question 
about their treatment of transistors. 

W1DX apparently regards transistors as 
novelties. He seems to fee! that people will 
get over their enthusiasm for transistors one 
of these days. He didn’t mention whether lie 
expects people to go back to tubes or whether 
he expects something better to come along. Of 
course, there are better things coming, such 
as FETs, with many of the advantages of 
both tubes and transistors, but he didn’t men¬ 
tion them in his talk. I guess he just over¬ 
looked them. 

Here are some of WIPX’s points about 
transistors: 

1. The CK722 (the first transistor commer¬ 
cially available to hams) wasn’t so great. 

2. No transistor front ends are as good as 
tube ones, as far as he knows. [This would 
undoubted!) come as a surprise to many engi¬ 
neers.] 

3. Good transistors are expensive so hams 

use them onlv when thev can steal them, 

* » 

[How many tubes can you buy new lor 16c 
and even less? Aside from RF power uses, 
most transistors are cheaper than equivalent 
tulies.] 


ARROW SPECIALS FOR JULY 

BC-946 Broadcast bond command receiver. Exc. $27.50 

R10A ARC12 Broadcast band, . ...... $29.95 

R13A ARC 12 108 to 135 me turntable. - $29.95 

MOTOROLA Transistorized microphone TMN6000A or 
similar Complete with coiled cord-used but guar¬ 
anteed, .. * ..* . - . . . * - - $6.95 

MOTOROLA Speaker TU324A mobile, good condi¬ 
tion,. , . »«*.+*< », i • • i * '* -$4*95 

MOTOROLA Control box TU555Z like new. * . $6,95 

TUNING FORK FREQUENCY STANDARD 500 cycle 
.001% accuracy. Removed from new equip¬ 
ment* ..... S 7.50 

NICKLE CADMIUM CELLS, 1,2 volt 4 AH _ $1*49 

RG8A U Patch cord, 15 feet with PL259 each end* 
New .... $1*69 each, 3 far $4*50 

ARROW SALES-CHICAGO, INC. 

2534 $. MICHIGAN AVENUE 
CHICAGO, ILLINOIS 60616 


METRO ELECTRONICS 

Formerly William and Cortlandt St. 

Now at 

81 W. Broadway, Corner Warren 

New York City 

Six blocks north of old location. 
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STOP! LOOKSI READ!!! 

$1,00 will frame & display 60 QSL 
Cards in 3 of our 20 compartment 
plastic holders, or $3.00 gets 10 hold¬ 
ers for 200 Cards. Order now — elimi¬ 
nate rhe mutilation & headaches of the 
obsolete methods, & have a neat, at¬ 
tractive shack instantly. Prepaid & 
guaranteed. 

Free sample available to Dealers, 

fipibto, Box 1 9BH, Gallatin, Tenn. 37066 


PRICE BREAKTHROUGH ON BEAMS 

FULL SUE; new; complete with boom find hardware; SWR 1:1: 
handies 6 KW; adjust able entire band; %** and 1" alum, alloy 


tubing; coaxial feed: ^ 

3 El 20 ...$22.00 3 El 15 . .$16,00 

2 El 20 _ _ _ 16 00 2 El 15 . . 12.00 

4 El 10 .......... 18.00 4 El 6 - - ... 15-00 

ALL BAND VERTICAL: VLtiO (0 thru 1601 . . 18*95 

QUADS: new: new: ALL 31ETAL (except Insulators) Cubical 
tluaiis: 2 El; full size; complete with lioom, all hindwttre: terrific 
gain and direcUvily. Iivsl i|liad ever made; no bamboo; 20 meter 
$25; 15 meier $24; rnuit with order; shipped exp. coll. 
GOTHAM. 1805 Purify Aft,. Dept. 73. Miami Beach, Fla. 33139 


PLATE TRANSFORMERS—$39.95 

3600*0*3600 VAC <a 1000 Ma., CCS. with 120 240 VAC 60 
cpi primary. Commercial quality units manufactured by Wap.ier 
Elictrie Co. measure 13" high, 12" wide, and 9" deep. Net 
weight Is 85#. Price $39.95 F.0,8. Minneapolis. One year 
unconditional money back guarantee. Terms; Check or M O. with 
order. Immediate delivery. Write or Phone: 

PETER W. DAHL CO. 

401 4th St., S. E. Minneapolis, Minnesota 55414 

Tel: 612*338-9077. 


BROADBAND FERRITE BALUN 


• 2-30 MC 

• 2 KW P.E.P. 

• Completely Weatherproof 

• 1:1 or 4:1 Ratio (specify) 

• Mounting for Seam or 
Dipole 



Nearly perfect characteristics are obtained by the use of low 
tots ferrite materials and special winding techniques. The 
transformer is completely encapsulated in plastic to assure 
freedom from moisture or shock damage. Model 601 is de¬ 
signed for a 1:1 ratio (50 ohms unbalanced to 50 ohms bal¬ 
anced) and the Model 601A is available for applications re¬ 
quiring a 41 ratio (50-200 ohms or 75-300 ohms). Each 
unit is supplied with a U658A/U (type N) fitting to provide 
superior weal her resistance. 

319.95 Pits Postage with mating UG21B/U add $1.00. 

Write for data sheet tr see year local dealer 

TRANSLAB INC. 


4154 Federal Blvd, San Diego. Calif. 92102 


METRO ELECTRONICS 

Formerly William and Cortlandt St. 

Now at 

81 W. Broadway, Corner Warren 

New York City 

Six blocks north of old location. 


VH F-UHF 


Converters and Preamps for 50 thru -432 Me. 

Write for literature. 

Send for a sample copy of the VHF'er, the 
only magazine for VHF and UHF hams. 

Parks Electronics, 419 S.W. First, Beaverton, Oregon 


4. Transistors are prone to overloading at 
intermodnlation. [So are tubes if they re n 
handled properly. Transistor circuits can gb 
excellent results if designed properly. Als 
note that the darling of the ARRL these da 
is the 7360 tube, which they use as a mixer \ 
avoid the overload and cross modulation froi 
more conventional tubes. It costs abo> 
$3.75, roughly the same as an 1 i i that 

excellent for this use.] 

5. Transistors are compact, but this isn 
too important since equipment can lie mac 
too small for easy tuning—transistors are fin 
for CB equipment [what a red herring] sine 
they re on fixed channels, but not neccssai 

for tunable equipment. 

6. Transistor YFO’s tend to drift and aren 
stable. [Sure, if they’re not designed proper!) 
But it’s a lot easier to make low drift transit 
tor oscillators than tube ones.] 

7. Transistor output circuits are weird an 
unfamiliar looking. [Enough said.] 

8. Transistors don’t work well in parallel a 
one tends to hog the current, i Tubes in para 
lei tend to oscillate, but that can be prevente 
easily. Likewise, equalizing resistors are use 
with transistors in parallel.] 

9. Varactor triplers are all right lor \ HI 
[But there’re no practical ones in the HB.] 

10. Transistors are all right for VHF lo' 
noise amplifiers. [None of those in 'he HI 
either.] 

11. Silicon diodes are excellent if you’i 
careful. 

12. Transistors are easily adaptable t 
etched circuits, but etched circuits aren t to 
practical for individuals. Maybe some da 
enterprising small manufacturers will mak 
boards for projects in electronics magazine 
and sell them. [They have and do. Men QS’ 
has had projects like that.] 

I got the impression that W1DX felt thi 
hams have little reason to use transistors e~ 
cept in mobile equipment and that otht 
equipment using transistors uses them for tl 
novelty value. Is that why Motorola, RC/’ 
Scott, Raytheon, Davco and others are us in 
transistors? For novelty? 

I don’t think so. I feel that hams shou] 
make every attempt to keep up with model 
practice if we are to justify our existence an 
not to be left behind, ignored and discreditet 
Most amateurs learn their first amateur rati 
from ARRL books. Will these bams stay b. 
hind the times? Or will they discover model 
practices elsewhere? Or will the Haridboc 
be brought up to date? For the sake of ha 
Tadio, I certainly hope so. 

. . .Pa 
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SILICON 81-SWITCH 7 amp 200 pIv, used in AC 
phase control and lamp dimmers. Circuit for 750 
watt lamp dimmer included. 2 for $1 

SILICON NPN MICROTRANSISTOR, silicon planar 
epitaxial. Vcb» 40 volts, V«o 15 volts, 150 mw, 
100 me, with specification sheet. 2 for $1 

SILICON BI-DIRECTIONAL TRANSISTOR. PNP- 
NPN. 2N1640. 2 for $1 

f. 

SILICON MESA POWER TRANSISTOR. 85 watts. 
2N424 NPN. 2 for $1 

Experimenter’s package. Your choice of any 12 
of the above for $5. 

CRYSTALONICS FET (Field Effect Transistor) with 
spec sheet. See December 73 for more informa¬ 
tion on FET’s. $1,00 6/$5 

SILICON DIODES SPECIAL 

800 PIV 400i ma $3.00/12 30* each 

1000 PIV Studs 2 amp $10.00/12 $1.00 each 

150 PIV 35 amp. Used, guaranteed, with mount¬ 
ing hardware. $5.00/6 $1.00 each 

LIGHT ACTIVATED SCR 25 volt 200 mil. Myriads 
unusual devices possible $1.00 each 6 for $5.00 


JOHN MESHNA JR. 

19 Allerfon St., Lynn, Mass. 


RAUSCH & LOMB NAVY 
7 X 50 BINOCULARS 

Brand new, coated lens. 
Individual focus, with 
case, straps, filters. B 
and L cost $279.50. 
Magnificent handheld 
Navy glass. Waterproof, 
dustproof. $95-00 



SILICON PLANAR TRANSISTOR. Miniature pan 
cake, TO-46 1.8 watt, 100 me, 45 volt 2N2900 
family 3 for $1.00 

PNP PLANAR SILICON POWER TRANSISTOR 

60 volt 20 watt 25 me. $1.00 each 6 $5.00 

An unusual assortment of high priced transistors, 
mesa, power, etc. AH factory marked first quality. 
Limited quantity on hand. Your choice at 

2 for $1.00 

2N339/A — 2N498/A — 2N547/B — 2N549 

2N549/A — 2N656 — 2N656/A — 2N657 — 
2N657/A — 2N770 — 2N1700 — 3N35 


6 AMP SILICON DIODES, 
CERAMIC INSULATED BASE. 


1.000 PIV 

$1*50 

400 PIV 

.75 

800 

1.25 

200 

.50 

600 

1*00 

100 

*25 


New 1966 catalog hot-off-the-press. We keep no 
mailing lists. Send 25* for the best 80 page cat¬ 
alog we have ever printed. More bargains than 
ever before. 


Simple Noise Filter 


This simple noise filter may lie added to 
/our present communications receiver with a 
niniinum of parts (one part). It will provide 
/on with many more hours of operating pleas- 
ne if such sounds as high pitched heterodynes 
rnd static crashes bother you. The speaker 
mtput impedance is 3.2 ohms on the HQ-145 
:o which this filter was added but should work 
■qually well on receivers of other output im¬ 
pedances. 



Almost any old TV horizontal width coil 
■vill work. The one I used had a sliding iron 
;ore slug ami an inductance of approx. 2-17 
nH. The screw type would work just as well 
ait the sliding slug type is quicker to adjust. 

. . . K0T6R 


NEW ARRIVALS—CLASSY “JUNQUE” 


2N-2552 

Ti audio output transistor, or mod¬ 
el ator. One, rlass A, 20 w output or 
modulation. Two, class R. 100 w 
output* TwrOg class C 100 w mod¬ 
ulation. Requires heat sink. 

$1.50 ea. 
4/$5.50 

212-50 

800 PIV. 750 ma. WB6TINGH008E 
PRIME 

79e 

4/$3.QQ 

2AP-1 

2" (ItT. for 100V, 200V, TS-34. 
HR AM* NEW. 

$6.25 


2" mu metal shield, f<ir above, NEW 

$2.50 


11 pin, blfc bakellt*. ring mid socket 

39C 

3/$1.10 

combina¬ 

tions 

& shield 2AP-1 i 

socket $6.5(1 2AP-1. shield & socket 

4 sets for: 

$26.00 

fitter 

choke 

a hr*. 325 ohm, 70 nta* 350wv. 

rased, sq. X h, 

ceramic terminals* i LB*S* 

79 < 

4/$3.00 

filter 

choke 

STANC0R, 1 hty. 13 ohm, 3(H> ma. 
1000tt* Saddle mi. wire leads. 2 LRS. 

$1.00 ea. 


CABINETS—CHEAP 



Arnplitier, by PAH-METAL. 17" * V \ 3" 
chassis total height with bottom plate. 
RK.wn N’KW. but paint peeling in spots. 
12 LBS, ship. Wt. 

$3,50 ea. 


Sloping front, % 12" nt Mlom, 7" at 

top, 12" high. 4 Vj" from bottom to start 
of slope BRAND KIW. Icsr front panel. 12 
LHS- ship, w i 

$3.50 ea. 


B C ELECTRONICS 

Telephone 312 CAIumct 5-2235 
2333 S, Michigan Ave. Chicago, Illinois $0616 
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WANTED TRADE OR CASH 
URN-3 TEST EQUIPMENT 

HAVE BRAND NEW SWAN, DRAKE, GONSET, etc. 

NEED OS-54, SG-121, TS-890, TS-891, MX-1627, MX-2229, 
GRA-34, URN-3, GRN-9, SRN-6, TRN-14, TRN-17, TEST SETS, 
ANTENNAS, PARTS, MAJOR ASSYS. 

ALVARADIO INDUSTRIES 

3101 PICO BLVD. SANTA MONICA, CALIF. 90405 
Phone 213-870-0216 Atk for Harry W6ATC 


MARIN 

AMATEUR RADIO 

SUPPLY 

COMPLETE STOCK ALL BRANDS 
BUY & SELL USED 

70 Woodland Avenue 
San Rafael, California 94901 



6 *2 MOBILE ANTENNA MOUNT 


LOON...NO HOLES/ 

FITS ANY C.B. OR HAM ANTENNA 


THIS RIGID CHROMED STEEL ANTENNA 
MOUNT FASTENS TO TOUR CAR TRUNK LID 
IN MINU i ES ... AND ND BODY HOLES ARE 
NECESSARY SEE IHESE SUPERJOR MOUNTS 
AT YOUR DISTRIBUTOR DEALER DR REMIT 
H S5 I CHECK OR M O.) TO E-Z MOBILE 
ANTENNA MOUNT INC P.0 BOX 27T, 
ALGO MAC, MICHIGAN. (MteMgia rtiidrnls itt 
sales lai) 

SPECIFY ANTENNA MOUNT HOLE DESIRED 
I V-'i'-SMALL OH MEOIUM BALL) 

QEAUt INQUIRIES iHVITfD 
ftH*T ttwHRd 



World’s 'BEST BUYS” 
in GOV’T. SURPLUS 
Electronic Equipment 


FULL OF TOP QUALITY ITEMS - Trans milters, 
Receivers, Power Supplies, Inverters, Microphones, 
Pilfers, Meters, Coble, Keyers, Phones, Antennos, 
Chokes, Dynamotors, Blowers, Switches, Test Equip¬ 
ment, Headsets, Amplifiers, Indicators, Handsets, 
Converters, Control Boxes, ek-, etc- SEND 2$t* (stamps 
or coin) for CATALOG ontl receive SOtf CREDIT on 
your order. Address Dept* 73 


FAIR RADIO SALES 

P.O. Box 1105 • LIMA, OHIO ■ 45802 



if Price—$2 per 25 words for non-commercial ads; 55 per 
25 words for business ventures. No display ads or 
agency discount* Include your check with order. 

it Type copy. Phrase and punctuate exactly as you wish 
it to appear* No all-capital ads* 

if We will be the judge of stability of ads. Our respon¬ 
sibility for errors extends only to printing o correct ad 
in o later issue* 

if For SI extra we can maintain a reply box for you* 

if We cannot check into each advertiser, so Caveat 
Emptor . . . 


FACTORYWIRED. PTT, sequence keyed Ranger I, some 
scratches* Good electrically. Now have transceiver. Bar¬ 
gain at $100. Dean Straw, KH6DKD 1. D4. 380 Prospect 
Street. New Haven, Conn. 77101 


WANTED; Copy of 8 Oet 1956 issue of LIFE magazine 
Make offer. W5NKG, R, Lent, 5634 Seacomber. San An¬ 
tonio, Texas 78242, 


JACKSONVILLE, ILL. ARC annual hamfert, July 10, 
1966. Fur Information. WN90XH, Secretary* 1910 Day ion 
St. Jacksonville, Ill. 62650. 


WABASH VALLEY ARA annual VHF picnic, Sunday 
July 81* At Turkey Run Stale Park, about ill miles north 
of Terre Haute, one mile off U. S, Route 41 and on 
Indiana Route 47. Swap tables, eyeball QSO*s, enter¬ 
tainment for the ladies. For more information contact 
K9EBK, Wabash Valley ARA, Box 81, Ferre Haute, 
Indiana* 4780 k* 


HQ170, $200. Heath Apache, $125. SB- in. $50. All in 
excellent condition* Will deliver 300 miles, W* L. John¬ 
son, W5FFJ 6. 205 Mar Vista Drive, Monterey, Calif* 


RTTY mod 26 commercial transistorized TU & Osc. 
Aligned ready to go. My cost $125, HT 32 one owner, 
excellent $225, Stan Mi In K0RMR. 2012 Overland Ave* # 
Los Angeles, Calif. 90064, 


CW FILTER, 500 cycles. No receiver alterations, plugs 
into phone jack, 6 DB gam. $26*50, Guaranteed* North¬ 
west Electronic Repair. 11557 Evanston North. Seattle, 
Wash. 


H ALU GRAFTERS SX-117 Receiver. Perfect condition. 
Manual and original carton. $250. C* McDowell, W7UB, 
2455 SW Montgomery, Portland, Oregon. 


QSL’s Free samples. Self-addressed stamped envelope. 
Hamprin. Box 235. Tmy, Michigan 48084* 


QSL f'ARDS? 7 7 7 Largest variety samples 25c. Sakkers 
Printery, WHded, Holland, Michigan. 


6-12-115 Vnli Gonad G66B receiver $49, G77A Trans¬ 
mitter $69, Super 6 Converter $9. 80-1 u Coil-Whip-Mount 
$9* K6KUQ, 2812 IOth. Arcadia, Calif, 


SCR 16 amp prv LOG, diodes 200/750 nut 10/LOO* RG 
13AU coax ,07 ft*, mixed sfe fuses 25/1,00. glaps p* c* 
board 13 x 7 1*00 tetntalex capacitors 76 BOv 4/1*on. 
5 p.s.t. rotary switch 4 LOO. mixed crystals 10 1*75. Best 
deals on new ham gear wend and see* used gear wanted. 
Hirsch Sales So. 21U California Dr* Buffalo, N* Y* 14221. 
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f(ONSET SIDEWINDER 6 Mt*ier Transceiver with AC 
and DC supplies* $350.00 or trade for ? ? ? WAftWF, Vic 
Matlcrn, 1200 South Hough Street, Barrington, III* 
fiQGIQ. 


QSL RUBBER STAMP !¥' x 5". Free sample impressions 
and blank, complete stamp $5*00 P. P* D. Other ham 
stamps $1.00 up. Wus’s Shop W1FP* RFD 1, Ames bury, 
Mass* 01913* 


ALL MAKES of new and used amateur equipment. 
Write or call Bob Grimes* 89 Aspen Road, Swampseott, 
Mass* Tel: 617-598-0700 or 617-598-2580. 


JULY BARGAINS: Drake 2A $150, TR3 AC supply 
$485. Globe King 40Q-D $195. HQ-170 $175. Heath HA-20 
$89, Valiant $159* Lafayette HE 15 A & HE61A $95. 
NCX-3 $235. NCX-5 $560. Swan 240 $239* Many other 
bargains. Write for list and trades. V reck Radio & Sup¬ 
ply Co* Tenny Freek W4WL, 38 Hiltmore Ave., Ashe¬ 
ville, North Carolina. 

COMPONENTS BARGAINS: Transformers, tubes, me¬ 
ters. capacitors, receiving and transmitting, resistors, 
fixed, variable, coaxial fittings, switches, tube sockets* 
Free list. Ken Maas W9AZA, Burlington, Wisconsin* 
53105. 


CLEANING HOUSE: Keyer $10. B. C* smc VFO with 
power supply $15* 6mtr* Ameco converter with power 
supply $40* 20W novice xmtr 80.40 S15* RME 6900 & 
speaker, like new $225. Lettine 242 (need Mod xfmrj 
$15. AR2 rotator & box $15. First check takes any or 
all* You pay shipping. Harvey Lawrence, WB2GVF 
RD 2, Bath, N* Y. 14810. 


PERFECT HQ-I70AU like new *250. Knight T-60 $30. 
Clyde Freed K7WMH; 2317 Lind ley Way. Klamath Falls. 
Oregon 97901, 

MOTOROLA new miniature seven tube 455 kc if am¬ 
plifier discriminator with circuit diagram. Complete at 
$2.5(1 each plus postage 50£ each unit. R and! R Elec¬ 
tronics, 1953 South Yellowsp rings, Sp ring field, Ohio* 

CONVERTERS* World's largest selection of frequencies. 
Ham TV vidicon cameras and parts at low factory-direct 
prices. See them all now in our full page ad in this 
issue* Vanguard Labs, 196-23 Jamaica Ave*, Hollis, N,Y. 
11423* 


WE WILL PAY CASH: Wanted, popular, late model 
unmodified amateur equipment. Highest prices paid for 
elean, good operating gear. Write Graham Radio* Dept. 
10, Reading, Massachusetts. 

ARE YOU SINCERE? Are you really looking for the 
best deal on a new or fully guaranteed used unit? Let 
us convince you with a specific quote that will really 
save you money* Graham Radio, Dept* 10* Reading, 
Massachusetts. 


WGSD 10 th ANNUAL HAMFEST PICNIC-Sunday 
July 24—Door prizes, contests, fabulous program for 
family—Dollar donation -Write WGSD Hamfest, 2814 
Empire, Burbank, Calif. 91504* 

THIRD ANNUAL INTERNATIONAL HAM FEST will 
be held at the International Peace Gardens on the border 
between North Dakota and Manitoba on Saturday after¬ 
noon, July 16 and Sunday, July 17. For further informa¬ 
tion contact Robert Wit hey* WA0HUD* Willow City, 
North Dakota* 


WOULD YOU BELIEVE* a Heath DXIUQB $135.00, Na¬ 
tional NC-173 $80.00, RME DR-23 Preselector $20,00, 
First offer over $200*00 gets everything, including a 
JT30 mike, antenna relay, and crystal calibrator. K3CHJ, 
Jim Toth, 2201 West Chester Pike, Broom all, /Perms*, 
19008, I,near Philadelphia) 


ELM AC A54H (converted 12 volts i. Marrow Converter 
5BR, 12 volt Westinghouse dynamotor. $60.00* K20ZM, 
9900 Pine Ave* Niagara Falls, New York. 


IDENTIFY 

YOUR 

SHACK 



Ydur call attractively displayed, inside or outside. Lasts for 
years* 2Vi x 17% inch, custom made—fully guaranteed— 
distinctive design of quality rust proof aluminum, finished 
In rich, black enamel* Beaded, Reflective, Raised lettering. 

Door or Wall mount (pictured! ....$1 *45 

Mailbox, Lawn stake or Post mount, with attractive alumi¬ 
num frames (view from either*ide)—state type with order 

$4.45 

Postage Paid in O.S.A. 

McCALL PRODUCTS 

P.O. Sox 567 Marion, Indiana 46952 


Signal lack "punch "? 

The model CPR Speech Compressor TRIPLES your 
average SSB output power; boosts your average AM 
modulation from 25% to 75%. 

* NEW low noise circuits 

* Mounts on panel connector 

* Uses internal battery 

* Compression level switch 

* Low distortion output ONLY 

* For high and low impedance a oc 

microphones 2>I4 -tj 

* Attack time. 15 seconds; release time l to 3 seconds 

* PL68 or PL51 output slightly higher* 

AIL FULLY WARRANTED * * . MONEY BACK GUARANTEE 
HrncJ for full description of our product line. 

COMMUNICATION COMPONENTS COMPANY 

P. O* Box B72I Dept D Orlando, Florida 32806 



ELECTROLYTICS— C D: SPRAGUE: MALLORY 

10 mfd/ 250 VDC 

2 x 45 mfd 350 VDC 

10/10 mfd 450 VDC 

30/30/10 mfd 300 

50 50 mfd 100 VDC 

VDC 

8 mfd 450 VDC 

35/35 mfd 450 VDC 

30'10 mfd 300 VDC 

30 mfd 450 VDC 

10 mfd 250 VDC 

80/80 mfd 35Q VDC 

20 mfd 450 VDC 

16/16 mfd 450 VDC 

-f- 150 mfd -— 150 

20 10 10 mfd 300 

VDC 

VDC 

3 x 10 mfd 450 VDC 

40 40 100 mfd 

50 10 10, 60 mfd 

150/150/50 VDC 

350 050 350 25 

125 mfd 450 VDC 

VDC 

4- 1 50 mfd + 250 

80/80 mfd 450 VDC 

VDC 

MIX THEM OR MATCH 

THEM ALL @ 5-30 each 

or 4/1.00 


NEW 

* * * * 

R/C Duo? 150 mmf Variable Capacitor only 1*35 

RELAY—115 V AC 60 cv 20 mq "Half Wave" 2-00 


with Diode 2,25 

All equipment subject to prior sole. 

Add 25c 

for postage 

Government Warehouse, Inc. 

264 Shrewsbury Avenue, Red Bank, New Jersey 


METRO ELECTRONICS 

Formerly William and Cortlandt St* 

Now at 

81 W. Broadway, Corner Warren 

New York City 

Six blocks north of old location. 
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Interested in VHF? 

Then why not send for a free sample of the 
VHF’er Magazine. It’s devoted entirely to 
serious VHF and UHF hamming. It contains 
articles by well-known and capable VHF'ers. 
Alt who want to improve their knowledge of 
VHF are invited to subscribe. 

Subscriptions are $2 a year (foreign $3) 

The VHF'er 

Parks Laboratories, 419 SW First, Beaverton, Oregon 


ALL BAND TRAP ANTENNA ! 



LATEST SBE33 with DC Supply and Mounting: pint 
$225,00. WA2FSD Martin Siegel,, 11 Rurhury iJkne* Giea 
Neck, New York, Tel : 516 482-2737, 

GALAXY V, like new. AC power supply with speake 
console, DC power supply and complete mobile installs 
lion including Hustler antenna for 80, 40 and 20. $525 
Gerald Boles, 5305 North Drexet Street, Oklahoma City 
Oklahoma. WI 2-3159, 


FREE ZENER DIODE and listing of our capacitors 
resistors, semiconductors, transformers, and F.M. equip 
raent, Send self-addressed stamped envelope to; Sura 
bachi Electronics, 214 E. Brett, Inglewood, Calif. 90302 

WANTED: Halllcrafters S-36 VHF receiver: EMI 
BB22A preselector. Write, stating condition and price 
K3PRE, Edward R, Kowalski, 767 South Third Street 
Philadelphia, Fenna. 19147, 

El CO SSB TRANSCEIVER, 752 DC Power Supply, noi 
assembled, 751 AC Power Supply, never on air. $300.00. 
Milo Heckt, WpTKU, 926 Joy Ave., Rapid City. S. Dak 
57701, 


WANTED: MILITARY, COMMERCIAL, SURPLUS, Air¬ 
borne, Ground, Transmitters. Receivers, Testers, Acces¬ 
sories. Especially COLLINS. We pay freight and ('ash. 
RITCO FOB 156, Annandale, Virginia *703) 660-5480 
COLLECT I 


HT-il $180, NC 183-D $120, Viking Valient $130, 
BC221 Frequency Meter w/AC Supply 375, Johnson TR 
Switch $15, Heath Q Multiplier $8, Pair 4- 260tb 
w/Sockets 340 new, 5 URC 4 Transceivers converts U 
2 meters $10 each. I will ship anywhere USA. W8CPZ, 
901 East "F* p Street, Iron Mountain, Mich. 49801. 


TR 150 (80-6 mtrs.) $58, Ameco Converters for 6 and 2 
$13 each. Converter power supply $0. Gonset G—76 plus 
DC supply (both almost new) $160 K2QHT 63 Robir 
Drive, Hauppauge, New York 516-AN-56479. 


GALAXY V Complete with Speaker Console and A,C 
Power supply. Galaxy 2000 + Linear Amplifier (2 IC.W 
PEP) with A.C, Power Supply, Value $949,00. This 
equipment has never been used, in original cartons 
Won at the Dayton Ha invention. Offers over S 800,01 
will be considered, WA8QEY, J, H~ Meixner, 2401 Mop 
ningstar Ct* Kettering, Ohio, 45420. 


SALE OR SWAP: JOYSTICK Antenna System, excel 
lent condition. Make offer. Mitchet Katz, W2KPE 147-13 
78th Avenue, Flushing, New York 11367, 


APACHE AND MOHAWK Heathkit gear in very goc* 
condition. Factory checked. $325 or best offer. R. Mila 
sich K9ECK, 405 Price, Calumet City, Illinois, 


CLEGG THOR VI complete with both AC & DC Fowe 
Supply,Modulators, two cords, manual, original cartons 
Two years old, just returned from Clegg factory re 
aligned perfect, $350.00 FIRM: Shipped charges col lee 
receipt first Money Order, George Hay mans WA4NED 
Box 468, Gainesville, Georgia, 


APARTMENT BOUND, Swap excellent 41 ft. E-Z wa 
crank up tower. Hornet tri-bander, preferably for kilo 
watt Matchbox. Removal deal only. Blosser, WSDBK 
Chagrin Falls, Ohio. 


IlX-100 xmtr, perfect, w/op. manual. $1,00. Dage desigr 
TV camera, w vidicon, RF, video jeep, tubes, schematics 
SI25. Bert Gathercoal, W9QAP, 50 Westward Ho, North 
lake. Ill. 


DRAKE T4X Txmr,, R-4 Receiver, T4X Power Supply 
Thunderbolt Amplifier—Roy Anderson, Box 2116, Wil 
liamson, West Virginia 25661. 


TECHNICAL MANUALS: ARC-27, CV-116/URR, S3.5i 
each, BC-1031, FGC-I, ARN-6, $3.00 each. Many others 
List 10tf. 3> Consaivo, W3IHD, 4905 Boanne Drive 
Washington, D.C, 20021. 


Redacts Interference am 
Mo-Ih on All Makes Shor 
Wm Receivers. Makes W&rli 
Wide Reception Stronger 
Clearer on All Rands! 



For ALL Am attar Transmit* 
tm, Guaranteed lor 1000 
Watts AM 2000 SSB Fi¬ 
ll at or Link Direct Feed. 
Light, Neit, Weatherproof. 


Compkto u ibosu toUi length 102 ft. with 96 ft. of 72 ohm 
balinrsd twin Hue. Hi-impact molded resonant traps. (Wt. 3 
o2. 1* x 5" long). You last tine to desired hand for beamlike 
results, Excellent for ALL world-wide short-wave receivers and 
amateur transmitters. For NOVICE AND ALL CLASS AMA¬ 
TEURS! NO EXTRA TUNERS Qli GADGETS NEEDED I 
Eliminates 5 separate antennas with excellent performance 
guaranteed Inconspicuous for Fitsy Neighborhoodsl NO HAY’ 

WDLE HOUSE APPEARANCE I EASY INSTALLATION 1 

Complete Instructions. 

75-40-20-15-10 met*r bands. Complete . $17.95 

J0'2O-15-10 meter. 54-fl, \ best for owl's) Complete , . $16.95 
SEND DHLY $3,00 icasb, ck, rao) and pay postman balance 
im plus postage on arrival or send full price for postpaid 
delivery. Complete Installation it technical instructions fur¬ 
nished. Free Information on many other 160-6 meter antennas. 

Available only from: 

MIDWAY ANTENNA * Dept. A7*5 * Neomey, Nebraska 




u 



Bock Issue Bonanza 

Curl up this winter with 20 assorted fascinating back 
issues of 73. They'll keep your mind, imagination and 
soldering iron warm through the cold nights. Our 
choice (but on excellent one, of course) at this low 
price. 20 for $5. 

Cheapskate's Assortment 

Eight fabulous back issues of our choice for o puny 

Single Back Copies 

Individual back issues are 50* apiece except all of 
I960, February, Morch and April 1961, and June and 
November 1962, which are $1. January 1961 and 
December 1962 aren't available. 

Bound Volumes 

1962 and 1963 bound volumes are beautiful and $15. 
Were going to make up more 1964 and some for 
1965, but it It take a while. 

Binders 

Binders ore available through 1960-61, 1962, 1963, 
1964, 1965 and 1966. They're $3 apiece and if you 
order them Dottie will hate you 'cause they're hard 
to wrap. 

73 Magazine Peterborough, N. H, 03458 


METRO ELECTRONICS 

Formerly William and Cortlandt St. 

Now at 

81 W. Broadway, Corner Warren 

New York City 

Six blocks north of old location. 
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MUST SACRIFICE mint HT-4J7. Original owner, pur* 
chased new. First certified check for $275 takes it. *Shij* 
express collect. W8EWP, 7229 Saratoga, Reynoldsburg* 
Ohio 43068. 


IOWA 75 METER Phone Net Picnic* Aug. 14, I960. 
McHose Park* Boone, Iowa. Contact: Dr. J. H. Robinson, 
<515) 782-7719. 

FEDERATION OF LONG ISLAND Radio Clubs Annual 
Picnic and HamfesL July 17 at Hempstead Town Park* 
Point Lookout, L.I. Contact: W2NOS. 


SPRINGFIELD Amateur Radio Club Annual Manifest, 
17 July, 1965 at Clark County Fairgrounds, 4 mi SE of 
Springfield, Ohio on Route 41, 


SOUTHERN COUNTIES Amateur Radio Attor of New 
Jersey will bold its annual outing 28 Aug. Egg Harbor 
Lake, Egg Harbor City* N.J. Contact: W2TXJR. 

ROGUE VALLEY Amateur Radio Clubs will host the 
Oregon Amateur Radio Assoc Annual Convention on 
Aug. 26-27* Speakers, Contests, Swap-shop, Entertain¬ 
ment. Contact: K7WXR, Medord, Ore. 

■ ■ i ii —- 

BLUEBOOK prices save money. Take 10% off these 
prices without trade-ins. KWMI — $299.00; HWI2— 
$119.00; NCX3 $219*00: Galaxy 800— $179,00; Commu¬ 
nicator 8 '0M —$149.00 : NCL2000 — $479.00 : Thunderbolt 
—$349.00; 75A4—$479.00; SX09—$99.00 ; 3X117— 
8259.00; HQ110—$134.00 ; DXI00—$99.00 ; AF67—$69.00, 
Hundreds mure. Free list. WRL* Leo, W0GFQ, Box 919, 
Council Bluffs, Iowa. 

BUILD WlJJI/n popular CPO-CWM (code practice 
osoillator-CW monitor) from the July 1965 73, page 32. 
The predrilled board with component locations silk- 
screened on it is only The board with all parts 

mounted on tbe board is $3 and the unit assembled ip 
an attractive rase is a remarkable $7,95* Order today 
from the Harris Co., 56 E* Main St,* Torrington, Conn* 

160—2 METERS. HQ-170 AC with Ameco 2m. Nu vis tor 
Converter and 6m. preamp—$250, Johnson 250 watt 
Matchbox with R*F* power meter—$35* WA9NHQ, Bill 
Code, 1036 Hillside, Northbrook, Ill* 

LINEAR* ANTENNA, PATCH; Hallicrafters HT-31, 600 
Watts cw sab, excellent condition, new 8llA*S t 3B28% 
$110* New Hy-Gain 80-20 meter doublet, 248BDQ, parts 
package factory sealed, $22. Johnson phone patch* excel¬ 
lent, $12. Will ship at my expense, manuals included, 
upon receipt of check. Stan Flegler, K8RFA* 1400 Pox- 
son, Lansing, Michigan, 48910. 


NCL-2IXHJ, $400, late serial number. Hallicrafters FRR- 
271 SX73* $150. SBE-34, late. $300. 50' Rohn #25 tower 
and Hum M rotor, $150, W7WRS, 1708 Valley view, Las 
Vegas, Nevada* 


AN ASSORTMENT OF 6 ATV EXPERIMENTERS, only 
$1 while they last* 73 Magazine, Peterborough, N* H* 
03458. 


25 WORDS FOR $2* Sell or buy through these want a<L* 
a terrific bargain. Caveat EJmptor, 73 Magazine, Peter¬ 
borough* N* H. 03458. 


1963 BOUND VOLUMES OF 73. $15 each from 73, 

Peterborough, N. H. 03458* 


COMMUNICATIONS RECEIVERS—an excellent booklet 
from the RSGB* Limited number available for only 50tf 
each* 

73 Magazine, Peterborough* N. H* 03458. 


NOVICE AND TECHNICIAN HANDBOOK by W6SA1 
and W6TNS. Limited quantity for only $2.50 each* 73 
Magazine, Peterborough, N. H* 03458, 


SEND US YOUR zip code* 73 Magazine, Peterborough, 
N* H. 08458* 


GIANT MIKE SALE 


MODEL 454X 

OutsUnd-ng tvase station microphone Single sideband (Limited to 
voice} frequency response at 300-3000 CPS. Attractive leiephone 
black satin imish on aff metal aflay case. May be wired tor VOX. 
Corner wired for push to laik Has extra lock-on switch for continuous 
transmission. Complete with coiled cord (.Three conductor—one 
shielded). Output level is -4fl db, Utt Price %2%.5Q 


MODEL 454C 

Same as Model 454X except 
etem*M Output lews' -5? db. 



3.99 


nlh. heat and humidity proof ceramic 

Uet Price IM M 



Dynamic mobile mike, 600 ofim imp, 
3 cond.fone sfiiefdedjtoiled cord. 
-66 db. 300 fo 6,000 c.p.s, 

/ 



SALE $12.99 



THE TURNER TRANSISTORIZED 


'***&*. 



LtiT emce 
in so 


SALE $26.99 


WITH VARIABLE OUTPUT LEVEL 

Now, from Turner comes the very finest 
base station microphone ever designed* 
the #CJ features * two transistor pre¬ 
amp with volume control to ftve you tip 
to 50 t imes the output level you now have. 
Tes. just dial your denied signal fo* maw- 
mum modulation all the time — every 
time, Vou can work close or far away from 
this microphone, or change thr output for 
a big or little voice. 

Eventually all sets lose some of their 
initial power Turner'- +t3 puts the .np 
back into your set and keeps it up to full 
sT-pTf th at all fi^es! 

has tailored frequency re¬ 
sponse of WC-tSOO c ps, lyr md 

rl««r«l vflice ifjnsrTin.^ionis <th knocked 
down lotef nolle interlerence 

irctairvi touch to talk or lock on off 
j**rttnr k — trie works *'Th ail tube 
pf trans ilor s*Ts regardless of switching 
lecjuirements or type. 


FIELD 

STRENGTH 

and 

SWR METER 




SALE $8.99 


$IS.9B - 

Model FS-45 


com hi run inn unit that viilt j(ivc rclathv fid 
strength rcodin^s tn forward and rc lice led ptwcf, 
Ousiat fining v allow in'UJJaitnn for constant 

munitnring (if ifanvmtltcf output Meter hu-*. sen live ilMI 
miuro-amp movement ^ ith (Wii-ciiliir iWd cusy-iu-fcad 
scale. Indus (dually tuned wnli him ructions. 



GROVE ELECTRONICS 


3256 N. PULASKI RD. CHICAGO, fit, 60641 
Send check with order. Include postogejextra returned 
SEND FOR GIANT SALE CATALOG!!! 
LATE SPECIALS: ASSORTED KELLOGG RELAYS!! 
6/35 wolfs 4PDT,6PDldPDT,etc. (reg. $10 eo. 


SALE 3 FOR $1.99 
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The VHF Antenna 
Handbook 

The VHF Antenna Handbook 
is your complete guide to 
VHF and UHF antennas This 
outstanding book Is by Jim 
Kyle K5JKX, one of the out¬ 
standing technical authors 
in the elect ran res field The 
VHF Antenna Handbook 
covers complete theory and 
all practical details for every 
type of VHF and UHF an* 
tennas, A special feature is 
the commercial antenna ca¬ 
talog section. If you're in¬ 
terested in VHF, you should 
have this book. 

Price is $2 from 


TOPICS COVERED; 

Basic concepts 
Folded dipole 
Slot antenna 
Conical antenna 
Coaxial antenna 
Halo antenna 
Abe Lincoln 
Turnstile antenna 
Ground plane 
antenna 

Broadside phased 
array 

Endfire phased array 
Mattress array 
Sterba curtain 
ZL special 

Long and short yogis 
Weeping willow 
Quad antenna 
Helix 

Cross beam 
Circular quad 
Transmission line 
antenna 
Long wire 
V antenna 
Rhombic antenna 
Log periodic 
Horn antenna 
Discone antenna 
Corner reflector 
Trough 
Paraboloid 
Plane reflector 
Bockf ire 
Cylindrical 
parabola 
Practical 

construction 

Mounts 

And much more 


73 Magazine, Peterborough, N.H. 03458 


INDEX TO ADVERTISERS 


a:co, 118 
Allied, 79 

Alitronks-Howard, 43 
Alva radio, 122 
Amateur Electronic 
Supply, 73 

American Crystal, 113 
Amrad, 118 
Arrow Sales, 119 
ATV Research, 49 

BC Electronics, 121 
Burghordt, 77 

Collbook, 90 
Communications 
Components, 123 
Cush Croft, 91 

Dahl, 120 
Davco, 23 
Dqw Key, 87 

Editors and Engineers, 75 

Edwards, 69 

Epsilon, 43 

Evans, 91 

Exceltronics, 88 

EZ Antenna Mount, 122 

Fair Radio, 122 
Finney, 53 


Jon Crystals, 118 

Lineor Systems, 41 

McCall, 123 
Mace, 88 
Marin, 122 

Master Mobile Mount, 33 
Meshno, 121 

Metro, 119, 120, 123, 124 
Midway, 124 
Mosley, 44, 45 

Newtrontcs, 64, 65 
Norman, 118 

Parks, 120 
Poty Poks, 127 

Quement, 85, 89 

Rohn, 83 

RSGB Handbooks, 119 

Siticonix, 37 
Squires-Sanders, 71 
Swan, 17 

Telrex, 11, 36 
Tepobca, 120 
Translab, 120 
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Gordon, 81 

Govt, Warehouse, 123 
Gotham, 120 
Grove, 125 

Horn Wholesale QSL Club, 49 
Heath, 9 

Henry, 61 

International Crystal, 3 


UTC, cover HI 

Vanguard, 56, 57 

VHF'er, 124 

VHF Antenna Book, 126 

Waters, 5 

World Radio Labs, cover HI 

73 Back* Issues, 124 
73 Subscriptions, 84 


# Very difficult circuit this hour. 

Next higher frequency may be useful fhis hour. 

Good: 2-4, 7-10, 15-20, 27-31 

Fair: 1, 5, 6, 11, 13, 14, 21, 22, 25, 26 

Poor: 12, 23, 24 

VHF DX: 1, 2, 3, 10, 11, 21, 22, 23, 24, 25 
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TESTED 


SEMI-KON-DUCTORS 


Q 85 WATT 2N424 PLANAR, silicon, TO-53 npn j, 
L 1 JO 2-6Amp RECT's, .Htuds, silicon, fl() to 400V . Jl 
ij 1 IGNITION SWITCHING 1RAN51STORS.10 AMP $J 
1 i 4 2N33 6 NPN SILICON transistors. Trnnsistron jl 

[J JO ZENERS REFERENCES fitud # asst typtvs * .$i 

B 2N998 TYPE. 1000 GAIN, mm silicon, planar . .$1 
10 MICRODIODE StABISTORS. «po*F. silicon ..Jl 
□ 6 TRANSITRON TRANS’TRS. 2N:U1. no test, npn $1 
2- Bidirectional 1 tan si slot 2M&.4I 

□ 4 2N170 TRANSISTORS, by (JK,npn ft»r*eiTI rf $7 
j 6 TRANSISTOR RADIO SET; o.«c-ifs. <lriver-pt> - -$! 

8 25 GERMANIUM & SILICON DIODES, no teat - .SI 
25 TOP HAT RECTIFIERS, silicon, ?;10niti t no lest $1 

B 10 1000 MC-1N251 GERMANIUM DIODES * - « - $T 
10 30-MC TRANSISTORS, silicon, TOlM. no t«**t $] 
3 3 —2N705 MESA, :u >'> mc > 900 row, imp, TO tH 

B 2—800 MC, 2N709 NPN Silicon plftnar TO 1 S * , 

10 PNP SWITCHING TRANSISTORS, 2N lf>-l ,TG5 $1 
] 10 NPN SWITCHING TRANSISTORS, 2N:i:i8 J 14 0 $1 
j T 5 PNP TRANSISTORS, CK722»2N:t5,1 07 no 
15 NPN TRANSISTORS, 2N3 5, 170. 440* no test 
l_. 30 TRANSISTORS, rf.lf, audio nsr-ilj, Tur. no test Jl 
4 — 2N996 PNP PLANARS, HM»H\ TO If. case JI 
2N35 TRANSISTORS, mm, (»>■ Sylvanlu, T022 JJ 
10 FAMOUS CK722 TRANSISTORS, W "» test Jl 
5 2N107 TRANS'! RS, by <;K, imp. pop. audio inik Jl 
2 40W NPN SILICON MESA SN1648 .2N10 I H Jl 

2Si ZENERS GLASS SILICON DIODES, no test . . SI 
5 SUN BATTERIES TO 1 Vb '* isle sen*iUve Sr 

2 2N718 NPN SILICON PLANARS, by Fairchild Jl 
4 2N21 3 TRANSISTORS, nn\er*coi»v. T022 . . . si 
10 MICRODtODE STABISTORS, epoxy, silicon . . Jl 
3 2N706 500MW, 300MC NPN PLANAR, TO h; .Jl 
10 PHILCO MAT HI-FREQ. TR’SISTORS. “n»»«t*4. $j 
3 2N255 POWER TRANSISTOR EQUALS, T03 rasejf 
2—500MC, 2N708 NPN Silicon planar TO Mi . .$1 
3 2N711 300MW. 300 MC, PNP MESA, TOI8 . . $1 
15 fAMP 200V epoxy rectifiers, made by Sylvuniu$l 
25 ‘EPOXY’’ SILICON DIODES. uni esied ... si 
4 ZENER REFERENCES, IN 12:'. G-volt, silicon . $1 
2 ■■ TINY’ ’ 2N1613 2W. lOUMC, TO Iti case, npn Jl 
2 500MC TRANS TRS, 2N1*<i t, mesas, pnp, TOI * SI 
□ 1 85W SILICON PWR TRANSTR, tifm, like 2N1212J1 
3 2.WATT PLANAR TRANS TRS, 2N687, JOOmc $1 
A 2N333 NPN SILICON transistors, by GE, TOO JJ 


FIELD-EFFECT 



l° r 


I'tZrUHMt 

Tube 

Equiva¬ 

lent 





TRANSISTORS 

LOW NOISE 

WORTH $24 

U N- channel with" Spec sheet. 


FIRST TIME IN U.S.A.! 
“ONE PRICE” SCRS1 

Imagine 7-omp, 16-amp and 25-amp af one 
price! Jus! check the proper amp and PRV blocks. 


□ 7-Amps 

PRV Sale 

2 25 .25 

J 50 .45 

.□ 100 .70 


□ 16-Amps 

PRV Sale 
150 .8^ 
200 1.1 S’ 

□ 250 1.35 


□ 25-Amps 

□ 300 1.75 

□ 400 2 .25 

□ 500 2.50 

LJ 600 2.95 


SILICON POWER STUD RECTIFIERS 


25 PIV 


50 PIV 


5* □ 

74 

= 

IS* 

224 

39* □ 

$04 



400 PIV 
25c 
90C 
1.90 


100 PIV 
12 * 
40 < 

75* 

800 PIV 
45* 
1.59 
2.75 


200 PIV 
19* 
65* 
J .19] 

1000 PIV 
69* 
1.79 
2,95 


750 MIL TOP HAT AND EPOXIES 


PIV 

600 

800 



PIV 
1400 
1600 
1800 
2000 


$1 PARTS PAKS 


WORLD'S 
MOST POPULAR 

10 TUBULAR StECTROLYTlCS, w*S00mt..ji 
INFRA-ROD PHOTO DETECTOR TRANSDUCER - - $1 
INFRA-RED PARABOLIC REFLECTOR & FILTER -41 
40 WORLO’S SMALLEST COND.i to ,05ml . . - Jl 

□ 4 TRANSISTOR TRANSFORMERS, asst. worth 825 $1 

□ ‘3 TRANSISTOR AUDIO AMP. tiny, wired .$1' 

□ $35 RELAY SURPRISE, sealed, types.$1 

o 3 INFRA-RED DETECTORS, with lends ........ $1 

|J $25 SURPRISE PAR: translators, reel, diodes, etc.jj 

□ 40 PRECISION RESISTORS, V2.1.2W; I 5J valuesjl 
u 30 CORNING “LOW NOISE" resistors, asst. . ,$J 

□ 60 TUBULAR CONDENSERS, to -5ml, to lKv, asst $1 

□ 40 DISC CONDENSERS, 27mmf to -05mf to 1KV $1 
60 TUBE SOCKETS, receptacles, pi ;its. audio, etc. $1 

J 30 POWER RESISTORS, 5 to 50W. to 24 Kohms.JI 
J 50 MICA CONDENSERS, to -lmf. silvers too! . .$1 

0 10 VOLUME CONTROLS, to 1 mej, switch too! , j| 
10° ELECTROLYTICS, to (iOOmf.asstFi'&tubulnrsjT 
□ 50 RADIO & TV KNOBS, asstd. colors & styles . Si 
Cl 10 TRANSISTOR ELECTROLYTICS: lOmf to 500mfjT 
50 COILS & CHOKES, if. rf, ant. .sc, & more . .$1 
□ 35 TWO WATTERS, asKt inch A.S f \ too ■ - -$j 

75 HALF WATTERS, asst inch A.lb, 3 ^ too! .$1 
60 Hl-Q RESISTORS, 1 v- 1.2W, 15 & 5 'r values $1 
Vp PHONO PLUG & JACK SETS, tunt*r>, amps . $1 


□ 


□ MAGNETIC REED SWITCH, ulass sea led * - * ... $ 1 
30 “YELLOW” MYLAR CONDENSERS, asstd vat $1 
60 CERAMIC CONDENSERS, discs, mm's, to .05 $1 
40 "TINY" RESISTORS, 1/lOW, 5 '1 loo! . . . $1 
10 TRANSISTOR SOCKETS forpiip-npn transistors jl 
30 MOLDED COND’S, mylar, pore, black beauty jl 



WATT 

NPli 


hr 



1 40 ™I 

NPN SILICON 
TRANSISTORS 


66 


r 


Similar to 

Q 2NI660 

ONLY 


lOc 



FOR OUR GJAtJl BARGAIN CATALOG ON: 

□ Semicondutian O Poly Pofci □ Parti 

TERMS: send cheek, Tftoney 
order* Include pontage—arg, wt. 
r>er pnk i it?. Rated, net 30 daya, 
CODe 2S^ 

P.0. BOX 942A 
SO. LYNFIELD, MASS. 
“PAK-MNfi" OF THE WORLD 
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GO 80-40 Meters 
MOB/LE for less than the 
cost of an average rig! 


Smaller by far than ANYTHING in its Power Class-5'xl 1 l / 4 "xlO'! 


Thousands of Amateurs told us what 
they wanted...Power to make good contacts 
...a Selective Receiver...Stability...a unit 
adaptable for either Mobile or Fixed Station 
use. They added that the unit must be com¬ 
pact...and that the price must be right! 

Quite an order? Yes, it was . . . yet you’ll 
iind our “Duo-Bander 84“ not- only fills 
these tough requirements —but gives some 
extras to boot! 


We Furnish Everything but the Car! 

WRL Duo-Bander 84 * DC Power 
Supply - WRL 3N1 Mike * Hy-Gain 
Bl)VF Mount * New- Ironies HSS2 
Spring * MO-] Mast and 40 6c 80 
[ Meter Resonators * All plugs 

1 and cables supplied* 


MOBILE PACKAGE 

PRICE 

ORDER ZZM078 


Look at these features! 

• 300 Watts PKP/SSB • Rugged 
Reliable Printed Circuitry * 2 Ke 
Dial Calibration * Dual Speed 
Vernier VFO Tuning * EZ One- 
Knob Tune-l p —"Just S^eak Out¬ 
put 4 • Built-In Speaker — Gim- 
be I Bracket * Combination "S” 
Meter and Output Meter * Mc¬ 
Coy 4-Crystal Lattice Filter 


WORLD RADIO LABORATORIES 

3415 West Broadway * Council Bluffs, Iowa Zip 51501 

Please ship the following: (F.O.B. Council Bluffs, Iowa) 

□ ZZM078 Mobile Package--$299,95 

□ Duo- Bander 84 — $ 159.95 

H Check or Money Order enclosed □ Charge it 
C Information on Duo-Bander 84 to my account 
n Quote me on Attached Letter 

□ FREE WRL 1966 Catalog 


The House the 
HAMS Built!' 
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